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15 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to methods for detecting specific extracellular nucleic 
acid in plasma or serum fiiactipns of human or animal blood associated with neoplastic 

20 or proliferative disease. Specifically, flie invention relates to detection of nucleic acid 

derived firom mutant oncogenes or other tumor*associated DNA, and to methods of 
detecting and monitoring extracellular mutant oncogenes or tumor-associated DNA 
found in the plasma or serum firaction of blood by using rapid DNA extraction and 
nucleic acid amplification. In particular, the invention relates to the detection, 

25 identification, or monitoring of the existence, progression or clinical status of benign, 

premalignant, or n:ialignant neoplasms in humans or other animals that contain a 
mutation that is associated with the neoplasm, through detection of the mutated 
nucleic acid of the neoplasm in plasma or serum fractions. The invention permits the 
•detection of extracellular, tumor-associated nucleic acid in the serum or plasma of 

30 humans or other animals recognized as having a neoplastic or proliferative disease or 

in individuals without any prior history or diagnosis of neoplastic or proliferative 
disease. The invention provides the ability to detect extracellular nucleic acid derived 
from genetic sequences known to be associated with neoplasia, such as oncogenes, as 
well as genetic sequences previously mirecognized as being associated with neoplastic 

35 or proliferative disease. The invention thereby provides methods for early 

identification of colorectal, pancreatic, limg, breast, bladder, ovarian, lymphoma and 
all other malignancies carrying tumor-related mutations of DNA, and methods for 
monitoring cancer and other neoplastic disorders in humans and other animals. 
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2. Description of the Related Art 

Neoplastic disease, including ntiost particularly that collection of diseases 
known as cancer, are a significant part of morbidity and mortality in adults in the 
5 developed world, being surpassed only by cardiovascular disease as the primary cause 

of adult death. Although improvements in cancer treatment have increased survival 
times from diagnosis to death, success rates of cancer treatment are more closely 
related to early detection of neoplastic disease that enable aggressive treatment 
regimes to be instituted before either primary tumor expansion or metastatic growth 

10 can ensue. 

Oncogenes are normal components of every hxmian and animal cell, 
responsible for the production of a great niraiber and variety of proteins that control 
cell proliferation, growth regulation, and cell death. Although well over one hundred 
oncogenes have been described to date — ^nearly all identified at the deoxyribonucleic 

15 acid (DNA) sequence level — ^it is likely that a large nimiber of oncogenes remains to 

\be discovored. • ^ 

Genetic mutation as the result of inborn genetic errors or environmental insult 
have long been recognized as playing a caiisative role in the development of 
neoplastic disease. Within the last twenty years, however, the sites of such mutations 

20 have been recognized to be within oncogenes, and mutation of such oncogenes has 

been found to be an intrinsic and cracial component of premalignant and malignant 
growth in both animals and humans. When an oncogene is mutated it alters the 
growfli or regulation of the cell through changes in the protein it encodes. If the 
mutation occurs in a certain region or regions of the gene, or involves a regulatory 

25 region of a gene, a growth advantage may accrue to a cell having a mutated oncogene. 

Many malignant tumors or cell lines derived from them have been shown to contain 
one or more mutated oncogenes, and it is possible that every tumor contains at least 
one mutant oncogene. 

Mutated oncogenes are therefore markers of malignant or premalignant 

30 conditions. It is also known that other, non-oncogenic portions of the genome may 

be altered in the neoplastic state. Nucleic acid based assays can detect both oncogenic 
and non-oncogenic DNA, whether mutated or non-mutated. In particular, nucleic acid 



3 

amplification methods (for example, the polymerase chain reaction) allow the 
detection of small nimibers of mutant molecules among a background of normal ones. 
While alternate means of detecting small nimibers of tumor cells (such as flow, 
cytometry) have generally been limited to hematological malignancies (Dressier and 
Bartow, 1989, Semin. Diag. Pathol. 6: 55-82), nucleic acid amplification assays 
have proven both sensitive and specific in identifying malignant cells and for 
predicting prognosis following chemotherapy (Fey et al., 1991, Eur. J. Cancer 27 : 
89-94). 

. Various nucleic acid amplification strategies for detecting small numbers of 
mutant molecules in solid tiunor tissue have been developed, particularly for the ras 
oncogene (Chen and Viola, 1991, Anal. Biochem. 195: 51-56; Kahn et al, 1991, 
Oncogene 6: 1079-1083; PeUegata fl/., 1992, Anticancer Res. 12: 1731-1736; Stork 
et al.y 1991, Oncogene 6: 857-862). For example, one sensitive and specific method 
identifies mutant ras oncogene DNA on the basis of failure to cleave a restriction site 
at the crucial 12th codon (Kahn et a/,, 1991, ibid.). Similar protocols can be applied 
.to detect any mutated region of DNA in a neoplasm, allowing detection of other 
oncogene DNA or tumor-associated DNA. Since mutated DNA can be detected not 
only in the primary cancer but in both precursor lesions and metastatic sites (Dix et 
aL, 1995, Diagn. Molec. Pathol. 4: 261-265; Oudejans et al, 1991, Int J. Cancer 
49 : 875-879), nucleic acid amplification assays provide a means of detecting and 
monitoring cancer both early and late in the course of disease. 

While direct analysis of tumor tissue is firequently difficult or impossible (such 
as in instances of occult, unrecognized disease), peripheral blood is easily accessible 
and amenable to nucleic acid amplification assays such as those mentioned above. 
Many studies use nucleic acid amplification assays to analyze the peripheral blood of 
patients with cancer in order to detect intracellular DNA extracted from circulating 
cancer cells, including one study which detected the intracellular ras oncogene from 
circulating pancreatic cancer cells (Tada et aU 1993, Cancer Res. 53: 2472-4), 
However, it must be emphasized that almost universally these studies attempt to use 
nucleic acid-based amplification assays to detect extracted intracellular DNA within 
circulating cancer cells. The assay is perfomied on the cellular fraction of the blood, 
i.e. the cell pellet or cells within whole blood, and the serum or plasma fraction is 



ignored or discarded prior to analysis. Since such an approach requires the presence 
of metastatic circulating cancer cells (for non-hematologic tumors), it is of limited 
clinical use in patients with early cancers, and it is not useful in the detection of non- 
invasive neoplasms or pre-malignant states. 

It has not been generally recognized that nucleic acid amplification assays can 
detect tumor-associated extracellular mutated DNA, including oncogene DNA, in the 
plasma or serum firaction of blood. Furthermore, it has not been recognized that this 
can be accomplished in a clinically useful manner, i.e. rapidly within one day, or 
within: less than 8 hours. It is known that small but significant amounts of normal 
DNA circulate in the blood of healthy people (Fedorov et al, 1986, Bull Exp. Biol 
Med. 102: 1190-2; Leon et al, 1977, Cancer Res. 37: 646-50), and this amount has 
been found to increase in cancer states (Shapiro et al, \9%3, Cancer 51: 2116-20; 
Stroim et al, 1989, Oncology 46: 318-322). However, these studies did not employ 
nucleic acid amplification methods, nor did they demonstrate the presence of mutant 
DNA or specific oncogene DNA in peripheral blood. Thus, the DNAs detected in 
%blood in these reports were not definitively ascribed to cancer, nor could clinical 
utility be reahzed. In addition, it had been generally presumed by those with skill in 
the art that circulating extracellular DNA either does not exist or would be of no 
clinical utility since it would be expected to be rapidly digested by plasma DNases. 
However, inhibitors of DNase appear to be present in the plasma of cancer patients 
(Leon et al, 1981, Eur. J. Cancer 17: 533-8). Furthemiore, extracellular DNA may 
exist in proteo-lipid complexes resistant to DNase (Stroun et al, 1987, Eur. J. 
Cancer Clin. Oncol 23: 707-12). In addition, DNA firom tumor cells may be 
present in the extracellular fluid because of secretion or shedding firom viable tumor 
in the form of proteo-lipid complexes, release of apoptotic bodies firom apoptotic 
tumor cells, or release of firee or protein-bound DNA firom necrotic or lysed cancer 
cells. For example, shedding of phospholipid vesicles from tumor cells is well 
described (Barz et al, 1985, Biochim. Biophys. Acta 814: 77-84; Taylor & Blak, 
1985, "Shedding of plasma membrane fragments. Neoplastic and developmental 
importance,** in: Steinberg (ed) The Cell Surface in Development and Cancer. 
Developmental Bioloev. Plenum Press, New York, pp. 33-57), and similar vesicles 
have been shown to circulate in the blood of patients with cancer (Carr et al, 1985, 



Cancer Res. 45: 5944-51). Furthermore, DNA has been shown to be present on the 
cell surface of tumor cells (Aggarwal et al, 1975, Proc. Natl Acad, Sci. USA 72: 
928-32; Juckett & Rosenberg, 1982, Cancer Res. 42: 3565-73 ). 

Detection of a mutant oncogene in peripheral blood plasma or serum has been 
the subject of reports in the prior art (see, for example, . SoTcnson et aL, 1994, Cancer 
Epidemiology, Biomarkers & Prevention 3: 67-71; Vasioukhin et al., 1994, Br. J. 
Haematol. 86" 774-9; Vasyukhin et al., 1994, **K-ra5 point mutations in the blood 
plasma DNA of patients with colorjectal tumors," in Vema & Shamoo (eds). 
Biotechnology Todav> Ares-Serono Symposia Publications, pp. 141-150). Mutant ras 
oncogenes have been demonstrated in plasma or serum using polymerase chain 
reaction^ However, the methods employed by these groups required time-consuming 
and technically demanding approaches to DNA extraction and are thus of limited 
clinical utility. Thus, methods that permit medically usefiil, rapid, and timely 
extraction and sensitive detection of extracellular tumor-associated or extracellular 
mutated oncogenic DNA are not known in the art. 

SUMMARY OF THE INVENTION 
This invention provides methods for detecting the presence of extracellular 
DNA in blood plasma or serum fractions, said DNA being associated with a 
neoplastic or proliferative disease state in an animal or a human. The invention 
provides methods for extracting, amplifying and detecting extracellular DNA 
associated with a neoplastic or proliferative disease state in an animal or a human and 
that are used for the detection, monitoring, or evaluation of cancer or premalignant 
conditions. 

In a first aspect, the invention provides a method for detecting extracellular 
tumor-derived or tumor-associated nucleic acid in a plasma or serum fraction of a 
blood sample, for diagnosis, detection, monitoring, evaluation or treatment of a 
neoplastic or proliferative disease in an animal or a human. The method provided by 
the invention comprises the steps of: first, purifying extracellular nucleic acid from 
plasma or serum to prepare a homogeneous preparation of extracted nucleic acid; 
second, specifically amplifying a portion of the extracted nucleic acid to provide an 



amplified nucleic acid firaction comprising a nucleic acid that is associated with 
neoplastic or proUferative disease; and third, detecting the amplified nucleic acid 
firagment that is associated with neoplastic or proliferative disease in the amplified 
nucleic acid firaction. In preferred embodiments of this aspect of the invention, 
extracted nucleic acid is amplified using an amplification method selected from the 
group consisting of polymerase chain reaction, ligase chain reaction, branched DNA 
signal amplification, boomerang DNA amplification, Q-beta replication, transcription- 
based amplification, isothermal nucleic acid sequence based amplification, self- 
sustained sequence replication assay, strand displacement activation, cycling probe 
technology, and combinations or variations thereof. In another preferred embodiment, 
the nucleic acid is derived firom a nucleic acid encoding an oncogene or other tumor- 
associated DNA. 

The invention also provides a method for detecting extracellular tumor-derived 
or tumor-associated nucleic acid in a plasma or serum firaction of a blood sample, for 
diagnosis, detection, monitoring, evaluation or treatment of a neoplastic or 
'.proliferative disease in an animal or a human comprising the additional step of 
digesting the extracted nucleic acid fraction with an enzyme that specifically cleaves 
nucleic acid in the firaction that is associated with a neoplastic or proliferative 
disorder, whereby enzymatic cleavage thereof is accomplished in nucleic acid derived 
firom a wildtype allele of said nucleic acid that is not associated with a neoplastic or 
proliferative disease, but wherein enzymatic cleavage is not accomplished in nucleic 
acid derived firom a mutant or variant allele that is associated with a neoplastic or 
proliferative disease. Preferably, digestion of the extracted extracellular nucleic acid 
witii an enzyme, preferably an endonuclease, most preferably a restriction enzyme, 
specifically cleaves wildtype but not mutant DNA in the portion of the sequence 
between the positions of the oligonucleotide primers used to ampUfy the DNA. Thus, 
wildtype DNA in the sample cannot be amplified after restriction enzyme digestion, 
whereas mutant DNA can be amplified, and is preferentially ampUfied using the 
methods of the invention. In a preferred embodiment, the amplification reaction is 
performed in the presence of a thermoresistant or thermostable restriction 
endonuclease, which endonuclease specifically cleaves wildtype forms of extracellular 
tumor-derived or tumor-associated nucleic acid species and thereby inhibits 



amplification of said species in the amplification reaction. In another preferred 
embodiment, the amplification step of the methods of the invention are performed 
using oligonucleotide primers that produce a restriction endonuclease recognition site 
in nucleic acid in the fraction that is aissociated with a neoplastic or proliferative 
disease within the nucleotide sequence of said nucleic acid firagment, whereby 
enzymatic cleavage thereof is accomplished in a nucleic acid fiiagment derived from 
a wildtype allele of said nucleic acid that is not associated with a neoplastic or 
proliferative disease, and wherein enzymatic cleavage is not accomplished in a nucleic 
acid fi:agment derived from a mutant or variant allele that is associated with a 
neoplastic or proliferative disease, and wherem the restriction endonuclease 
recognition site is recognized by the thermoresistant or thermostable restriction 
endonuclease. In other preferred embodiments, endonuclease digestion is performed 
prior to amplification of the extracted nucleic acid firaction. In a preferred 
embodiment, the nucleic acid is derived from a nucleic acid encoding an oncogene or 
other tumor-associated DNA. 

In additional preferred embodiments, the invention provides a method for 
detecting extracellular tumor-derived or tumor-associated nucleic acid in a plasma or 
serum fraction of a blood sample, for diagnosis, detection, monitoring, evaluation or 
treatment of a neoplastic or proliferative disease in an animal or a human comprising 
the additional steps of digesting the amplified nucleic acid firaction with an enzyme 
that specifically cleaves nucleic acid firagments in the fraction within the nucleotide 
sequence of said nucleic acid fragments, whereby enzymatic cleavage thereof is 
accomplished in a nucleic acid fi:agment derived from a wildtype allele of said nucleic 
acid that is not associated with a neoplastic or proliferative disease, and wherein 
enzymatic cleavage is not accomplished in a nucleic acid fragment derived from a 
mutant or variant allele that is associated with a neoplastic or proliferative disease; 
then specifically re-amplifying a portion of the ampUfied, digested nucleic acid that 
is not cleaved by the enzyme, to provide a re-amplified nucleic acid fraction 
substantially comprising an undigested nucleic acid that is associated with neoplastic 
or proliferative disease; and detecting the re-amplified nucleic acid fragment that is 
associated with neoplastic or proliferative disease in the re-amplified nucleic acid 
fraction. In tiiis embodiment of tiie inventive method, the amplified DNA fragments 
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from the extracellular DNA extracted from plasma or serum is cleaved with an 
enzyme, preferably a restriction enzyme, that specifically digests fragments amplified 
from wildtype alleles of a gene associated with a neoplastic or proliferative disease, 
and specifically does not cleave DNA firagments amplified from mutant alleles of a 
gene wherein the mutated allele is associated with a neoplastic or proliferative disease. 
In a preferred embodiment, the restriction endonuclease is a thermoresistant or 
thermostable endonuclease and digestion is performed simultaneously with 
amplification. In another preferred embodiment, digestion is performed with a 
thmnoresistant endonuclease over the course of an amplification reaction, whereby 
wildtype forms of the amplified nucleic acid are specifically cleaved and rendered 
unamplified by the end of the digestion/amplification reaction. In a preferred 
embodiment, the nucleic acid is derived from a nucleic acid encoding an oncogene or 
other tumor-associated DNA. In particularly preferred embodiments, an enzyme 

recognition site is specifically engineered into the oligonucleotide primers used for 
amplification to provide an enzyme recognition site in the wildtype allele but not in 
.the mutant allele, as the result of the nucleotide sequence differences between the 
wildtype and mutant alleles. In preferred embodiments, the extracted nucleic acid is 
amplified using an amplification method selected from the group consisting of 
polymerase chain reaction, ligase chain reaction, branched DNA signal amplification, 
boomerang DNA amplification, Q-beta replication, transcription-based amplification, 
isothermal nucleic acid sequence based amplification, self-sustained sequence 
replication assay, strand displacement activation, cycling probe technology, and 
combinations or variations thereof. 

Also provided by the methods of the invention are amplified fragments of 
extracellular tumor-associated nucleic acid as detected using the methods of the 
invention. 

Particularly preferred embodiments of the invention comprise amplification of 
nucleic acid sequences derived from or related to p53, bcl-l and 
translocation species. 

Preferably the method is provided wherein amplification is achieved using 
oligonucleotide primers that specifically amplify a nucleic acid associated with a 
neoplastic or proliferative disease, most preferably an oncogene. In additional 



preferred embodiments, the amplification primers comprise a nested or hemi-nested 
set of primers as imderstood in the art and described herein. 

In preferred embodiments of the inventive methods, extracellular nucleic acid 
is extracted firom blood plasma or senrai using an extraction method including gelatin 
5 extraction; silica, glass bead, or diatom extraction; guanidine- or guanidiniimi-based 

extraction; chemical extraction methods; and size-exclusion and anion-exchange 
chromatographic niethods. In preferred embodiments, detection of the amplified DNA 
is performed using a detection method including gel electrophoresis; immimological 
detection methods; hybridization using a specific, fluorescent-, radioisotope-, 
10 antigenic- or chromogenically-labeled probe; Southern blot analysis; 

electrochemiluminescence; reverse dot blot detection; and high-performance liquid 
chromatography. 

The methods of the invention are provided as diagnostic methods for detecting 
tumor-associated extracellular nucleic acid in a human at risk for developing a 

15 neoplastic or proliferative disease (whether the risk is recognizjed or unrecognized), 

•.comprising the steps of purifying extracellular nuclisic acid firom a plasma or serum 
fraction of a blood sample from the human to prepare a homogeneous preparation of 
extracted nucleic acid; specifically amplifying a portion of the extracted nucleic acid 
to provide an amplified nucleic acid firaction substantially comprising a nucleic acid 

20 that is associated with neoplastic or proliferative disease; and detecting the amplified 

nucleic acid fragment that is associated with neoplastic or proliferative disease in the 
amplified nucleic acid firaction. The detected firagment is then identified, e.g.^ as 
comprising the wildtype and mutated forms of an oncogene associated with a 
neoplastic or proliferative disease. In a preferred embodiment, the diagnostic methods 

25 of the invention are used to evaluate response of a human with a neoplastic or 

proliferative disease to a treatment regime or modality. La another preferred 
embodiment, the method is used to evaluate disease progression in a human. 
Additionally, the methods of the invention are preferably used to determine disease 
prognosis in a hxmian. In other preferred embodiments, the methods of the invention 

30 are used to detect the presence of residual disease in a human following a course of 

treatment or after clinical tumor regression, or to detect actual or imminent clinical 
relapse. 
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Also provided as embodiments of the methods of the invention are methods 
additionally comprising the steps of determining the nucleic acid sequence of the 
nucleic acid fragment of extracellular nucleic acid that is associated with neoplastic 
or proliferative disease in the amplified nucleic acid fraction, wherein the nucleic acid 
sequence of the nucleic acid fragment comprising a mutated or variant allele of a 
nucleic acid associated with a neoplastic or proliferative disease. 

In addition to the diagnostic methods noted above, the invention provides 
methods for isolating extracellular tumor-derived or tumor-associated nucleic acid 
from a fraction of a blood sample comprising the plasma fraction or the serum 
fraction of the blood sample. In these embodiments the method comprises the steps 
of purifying extracellular nucleic acid from plasma or serum to prepare a 
homogeneous preparation of extracted nucleic acid using a r^id extraction method; 
specifically amplifying a portion of the extracted nucleic acid to provide an amplified 
nucleic acid fraction substantially comprising a nucleic acid that is associated with 
neoplastic or proUferative disease; and cloning the amplified nucleic acid fragment 
\that is associated with neoplastic or proliferative disease in the amplified nucleic acid 
fraction. Also provided in this aspect of the invention are recombinant genetic 
constructs comprising a nucleic acid fragment that is associated with neoplastic or 
proliferative disease prepared using the methods of the invention. Ribonucleic acid 
transcribed &om the recombinant genetic constructs of the invention are also 
provided, as well as protein produced from translation of said KNTA, and methods for 
using the translated proteins and peptides of the invention as epitopes for the 
production of antibodies and vaccines. 

In preferred embodiments, the nucleic acid associated with neoplastic or 
proliferative disease is derived from an oncogene, most preferably wherein the 
oncogene is ras, p53, 6c/-2 or the fec/-2/IgH translocated gene. 

The invention also provides methods for detecting any nucleic acid in a sample 
for which oligonucleotide amplification primers are available. The invention provides 
a method for detecting a nucleic acid in a biological sample, the method comprising 
the steps of specifically ampUfying a portion of the nucleic acid in the presence of a 
thermoresistant or thermostable endonuclease to provide an amplified nucleic acid 
fraction substantially comprising an amplified nucleic acid fragment; and detecting 
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the amplified nucleic acid fragment. In a preferred embodiment, the nucleic acid is 
ampUfied using an amplification method selected firom the group consisting of 
polymerase chain reaction, Ugase chain reaction, branched DNA signal amplification, 
boomerang DNA amplification, Q-beta replication, transcription-based amphfication, 
isothermal nucleic acid sequence based amplification, self-sustained sequence 
replication assay, strand displacement activation, cycling probe technology, and 
combinations or variations thereof. In a preferred embodiment, detection of the 
amplified DNA is performed using a detection method selected firom the group 
consisting of gel electrophoresis, immunological detection methods, nucleic acid 
hybridization using a specific, fluorescent- or chromogenically-labeled probe, Southem 
blot analysis, electrochemiluminescence, reverse dot blot detection, and high- 
performance liquid chromatography. Nucleic acid firom any biological source, 
including but not limited to eukaryotic, prokaryotic, viral and fimgal nucleic acid, can 
be detected using the inventive method. 

It is therefore the object of this invention to detect or infer the presence of 
\cancerous or precancerous cells from non-hematologic or hematologic malignancies, 
within a human or animal body having recognized neoplastic disease or in those not 
previously diagnosed, by examining the plasma or serum fraction of blood for 
extracellular mutated oncogene DNA or tumor-derived or associated extracellular 
DNA, using a nucleic acid amplification assay, including but not limited to 
polymerase chain reaction (PGR), ligase chain reaction, branched DNA signal 
amplification assays, isothermal nucleic acid sequence based amplification (NASBA), 
other self-sustained sequence replication assays, transcription-based amplification, 
boomerang DNA amplification, strand-displacement activation, cycling probe 
technology, or combinations of such amplification methods, most preferably in the 
presence of a restriction endonuclease that specifically cleaves wildtype forms of 
tumor-derived or associated extracellular nucleic acid. 

Another object of this invention is to detect or infer the presence of cancerous 
cells anywhere within a human or animal body by examining the plasma or serum 
fraction of peripheral blood of the organism for extracellular DNA containing mutant 
oncogene DNA or tumor-associated DNA, using one or several restriction 
endonucleases to separate wild-type oncogenes from mutant oncogenes and/or to 
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enrich for mutant DNA, both in organisms known to have cancer and in those not 
previously diagnosed. 

Another object of this invention is to rapidly extract extracellular DNA from 
plasma or serum. 

An advantageous application of this invention is to identify, either 
quantitatively or qualitatively, mutant oncogenes or tumor-associated DNA in the 
blood plasma or serum of humans or animals during or following surgery to remove 
a premalignant lesion or a cancer, to classify such patients for their risk of residual 
cancer or metastasis following the surgery. 

Another advantageous application of this invention is to identify, either 
quantitatively or qualitatively, mutant oncogenes or tumor-associated DNA in the 
blood plasma or serum of humans or animals who are receiving cancer therapies, 
including but not limited to chemotherapy, biotherapy, or radiotherapy, as a guide to 
whether adequate therapeutic effect has been achieved or whether additional or more 
advanced therapy is required, and to assess prognosis in these patients. 

Another advantageous application of this invention is to identify, either 
quantitatively or qualitatively, mutant oncogenes or tumor-associated DNA in the 
blood plasmia or serum of humans or animals who have completed therapy as an early 
indicator of relapsed cancer, impending relapse or treatment failure. 

Another advantageous s^Ucation of this invention is to identify, either by 
detection or inference, the presence of premalignant neoplasms through detection of 
mutant oncogenes or tumor-associated DNA in the blood of humans or animals when 
that mutant DNA derives from premalignant growths such as dysplasias or adenomas, 
or from other cells bearing a mutated oncogene. In addition, the invention 
advantageously provides a panel of several oncogene assays that can distinguish 
malignant from premalignant conditions, or assist in medical monitoring to detect 
transformation of the growth to an outright malignancy, or to detect regression. 
Furthermore, the invention advantageously provides a means to define risk of 
malignancy in a hmnan wherein the risk was previously unrecognized. 

Thus, the invention provides a method of screening both healthy individuals 
and individuals at risk for cancer and premalignant conditions. 
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Another advantageous application of this invention is to identify, either 
quantitatively or qualitatively, mutant oncogenes or tumor-associated DNA in the 
blood plasma or serum of humans or animals either newly or recently diagnosed with 
cancer or a premaUgnant condition in order to clarify when to initiate therapy, 
including adjuvant therapies. 

Another advantageous application of this invention is to identify, either 
quantitatively or qualitatively, more than one mutant oncogene or tumor-associated 
DNA in the blood plasma or serum of humans or animals by use of a panel of DNA 
enrichment methods or by multiplex amplifications of mutant DNAs. Additional, said 
multiplex amplifications or collection of individual amplifications of mutant DNAs 
are provided to identify specific tumor types from the number and kind of oncogenes 
or other tumor-associated mutated DNAs detected. 

Another useful application of this invention is to identify mutant oncogenes 
or tumor-associated DNA, either singly, multiplexed or using a panel of amplification 
reactions, in the blood plasma or serum of humans or animals in order to determine 
.specific tumor characteristics for a given patient, to assist in the development of 
patient-specific therapies, or to help place a patient into a particular treatment regime 
or to help predict prognosis or tumor behavior. 

Specific preferred embodiments of the present invention will become evident 
from the following more detailed description of certain preferred embodiments and 
the claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic diagram of the primer construction strategy for 
creating diagnostic restriction enzyme digestion sites in PGR amplified DNA 
fragments. 

Figure 2 is a schematic diagram of the serum oncogene detection assay of the 
invention. 

Figxure 3 illustrates detection of mutant ras oncogene DNA in serum of 
colorectal cancer patients. An assay of the invention was used to analyze serum from 



14 

patients diagnosed with colorectal cancer, and DNA fragments corresponding to 
mutant K-ras oncogene detected by gel electrophoresis. In the PGR amplification 
products of extracellular serum DNA of each of patients A-D was found to a band at 
the position of mutated ras oncogene DNA (arrow). Uncut DNA is evident at a 
higher molecular weight only in the uncut control (dash) indicating complete digestion 
of all patient samples, while DNA fragments corresponding to wildtype ras oncogene 
DNA runs at a lower molecular weight and is evident in patient D and the negative 
control (arrowhead). The no-DNA control confimis absence of contanunation. Lanes: 
1, uncut control; 2, positive control (cell line with mutant ras oncogene); 3, 1:10,000 
dilution of positive control; 4-7, patients A-D, respectively; 8, negative control 
(placenta with wild-type K-ras oncogene); 9, no-DNA control; 10, molecular weight 
markers (4>X174 DNA cut with HaeJH). 

Figure 4 shows the results of the assay described in Example 1. No mutant 
K-ras oncogene DNA was detected in serum of normal donors. The inventive assay 
as described in the Example was used to analyze serum from normal donors, and 
DNA fragments produced by PGR ampUfication were detected by gel electrophoresis. 
Each of the PGR products from normal donor DNAs showed only the lower molecular 
weight band indicating only wildtype K-ras oncogene DNA (arrowhead). The uncut 
control (dash) and mutated Krras oncogene positive control (arrow) are as described 
in Figure 3. Lanes: 1 and 13, molecular weight markers (4)X174 DNA cut with 
HaeTB); 2 and 14, uncut control; 3, positive control (ceU line with mutant K-ras 
oncogene); 15, 1:10,000 dilution of positive control; 4-12 and 16-23, normal donors. 

Figure 5 shows the ftc/-2/IgH transgene is detectable in the serum of follicular 
lymphoma patients. The assay was used to amplify extracellular DNA from 4 patients 
with follicular lymphoma, as described in Example 2. The transgene is identified in 
each patient known to have an amplifiable translocation (lanes 3, 5, 6), and not in the 
patient without such a translocation (lane 4). Lanes: 1, molecular weight markers 
((|)X174 DNA cut with HaeJH); 2, positive _control (cell line with fcc/-2/IgH 
transgene); 3-6, patient serum; 7, no-DNA control. 

Figure 6 shows detection of mutant K-ra^ oncogene DNA in the plasma of a 
patient at high risk for development of GRG using the GARD assay. The assay was 
used to amplify extracellular DNA from a patient with a strong family history of GRG 
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and no clinical signs or symptoms of disease on gross physical examination, as • 
described in Example 1. The mutant K-ras oncogene is indicated (arrow). Lanes: 1, 
molecular weight markers (4)X174 DNA cut with HaeJII); 2, imcut control; 3, positive 
control (cell line with mutant K-ras oncogene); 4, positive control, diluted 1:100,000; 
5 and 6, negative plasma; 7> patient sample; 10, negative control (placental DNA), 
size of this fragment denoted by a dash to the left of the gel picture; 11, no-DNA 
negative control. 

nF.TATT.Kn DESCRIPTION OF THE INVENTION 

This invention provides methods for detecting or inferring the presence of 
cancerous or precancerous cells in a human or animal. The methods of the invention 
comprise means of extracting extracellular DNA from blood plasma or serum in a first 
step, separating mutated DNA from non-mutated, normal DNA by way of a 
discriminating restriction endonuclease digestion in a second step, and selectively 
ampUfying and detecting the DNA in a third step, wherein amplification and detection 
*.can be performed either qualitatively or quantitatively. The second step may be 
combined with the third step using a thermostable restriction endonuclease, whereby 
amplification and digestion/selection are performed in a single step; this embodiment 
of the reaction being designated herein as combined amplification and restriction 
digestion (CARD) assay. This specification describes several methods that can be 
employed for the first step (rapid extraction of mutant DNA from plasma or serum). 
Similarly, the invention can amplify extracted mutant DNA in the third step by using 
any of several methods of nucleic acid amplification and their variations, including 
but not limited to polymerase chain reactioxi, ligase chain reaction, branched DNA 
signal amplification, isothermal nucleic acid sequence based aniplification (NASBA), 
other self-sustained sequence replication assays, transcription-based amplification, 
boomerang DNA amplification, strand-displacement activation, cycling probe 
technology, and combinations of such amplification methods. Specific and detailed 
descriptions of several step one methods (rapid extraction of DNA from serum or 
plasma) and of several step three methods (nucleic acid amplification of mutant DNA) 
are given below as a description of the invention. However, it is emphasized that 
with this invention any of the described rapid DNA extraction steps may be used with 
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any nucleic acid amplification assay that differentiates mutant DNA or amplifies DNA 
to achieve the objectives specified above. 

Moreover, the assays and methods of the invention can be performed 
qualitatively, whereby the amount of the nucleic acid product produced is at least 
sufficient for efficient detection of the piroduct, or quantitatively, whereby the amount 
of the nucleic acid product produced is measured with reference to a standard useful 
in determining the significance of the amount of produced nucleic acid {for example^ 
wherein the amoimt of nucleic acid product is related to a disease state or risk of 
developing a disease state). 

Specifically, the invention provides methods for detecting nucleic acid in 
plasma or serum of a human or animal wherein the nucleic acid is associated with the 
existence of pre-malignant cells or tissues in the human or animal, thereby providing 
a sensitive diagnostic means for early detection of neoplasia. 

A General Overview of the Inventive Methods 

In the practice of the invention blood is drawn by standard methods into a 
collection tube, preferably comprising siliconized glass, either without anticoagulant 
for preparation of serum, or with EDTA, sodium citrate, heparin, or similar 
anticoagulants, most preferably EDTA, for preparation of plasma. The preferred 
method, although not absolutely required, is that plasma or serum be firactionated firom 
whole blood. First, this reduces the burden of extraneous intracellular DNA being 
extracted from non-malignant cells which might reduce the sensitivity of the 
amplification assay or interfere with the amplification assay through release of 
inhibitors such as porphyrins and hematin. Second, this prevents confoimding 
variables introduced by intracellular DNA derived from circulating cancer cells, for 
example on interpretation of quantitative amplification studies. Plasma or serum may 
be fractionated from whole blood by centrifixgation, preferably gentle centrifiigation 
at 300-800 x g for 5-10 minutes, or fractionated by other standard methods. However, 
high-speed centrifiigation is avoided, as subjecting blood to such treatment may 
deplete the plasma or serum fraction of extracellular DNA. Since heparin may 
interfere with PGR, use of heparinized blood may require pretreatment with 
heparinase. Thus, EDTA is the preferred anticoagulant for blood specimens in which 
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PGR amplification is planned. Either fireshly-coUected blood plasma or serum, or 
fi-ozen (stored) and subsequently thawed plasma or serum can be used in the methods 
of the invention. Stored plasma or serum should be kept at -20*^0 to -70°C, and 
fireshly-coUected plasma or serum kept refiigerated or maintained on ice until use. 

STEP ONE: Rapid extraction of extracellular DNA firom plasma or serum 
1. Gelatin extraction method: 

In a preferred embodiment, DNA is co-precipitated firom plasma or serum with gelatin 
by a method modified firom that of Foumie et al (1986, Anal Biochem. 158: 250- 
256). A stock 5% (w/v) gelatin solution is prepared by mixing 1 gram gelatin (G8- 
500, Fisher, Pittsburgh, PA) with 20 mLs sterile, double-distilled water, autoclaving 
for 30 minutes, and filtering through a 0.2 micron filter. The resultant solution is 
sequentially frozen in ia dry ice/ethanol bath and thawed at room temperature for a 
total of five cycles. A working 0.3% gelatin solution is prepared by heating the stock 
solution to 60°C and mixing 600iaL of 5% gelatin with 25 jxL of 1 M Tris-HCl (pH 
.8.0) and 9 A mLs of sterile, double-distilled water. 

Plasma or serum (160 jiL) is mixed witii 12.8 of 0.5 M EDTA and 467 |aL 
of sterile, double-distilled water, then emulsified for 3 minutes witii 320 tiL of phenol 
or phenol:chlorofoim:isoamyl alcohol (25:24:1 ratio). The solution is centrifiiged at 
14,000 X g for 10 minutes, and 570 |iL of the aqueous layer is removed to a clean 
tube. DNA is. precipitated by addition of 142 jxL of tiie 0.3% gelatin working 
solution and of 500 of cold absolute ethanol, followed by incubation at -20°C for 
1-2 hours. Extracellular DNA may be precipitated within less than Ih of incubation 
at -20°C, and a very short mcubation may be preferable m some circumstances. 
Alternatively, longer incubation at -20*=*C for 1-2 hours msures the precipitation of 
most DNA. The sample is centrifiiged at 14,000 x g at 4-6*^0 for 15 minutes, washed 
once witii cold 70% etiianol, and dried in a 60°C heat block for 10 muiutes. DNA 
is then recovered by tiie addition of 35 to 70 |iL of sterile, double-distilled water 
preheated to 60° C. Thirty-five p-L of the resuspended DNA is used in either step two 
or step three. 



II. Glass bead, silica particle, or diatom extraction method. 
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As an alternative rapid method of extracting extracellular DNA from plasma 
or serum, glass beads, silica particles, or diatoms may be used, as in the method or 
adaptation of Boom et al (Boom et al, 1991, J, Clin, Microbiol 29: 1804-1811; 
Boom et al, 1989, /. Clin. Microbiol 28: 495-503). Size fractionated silica particles 
are prepared by suspending 60 grams of silicon dioxide (SiOj, Sigma Chemical Co., 
St. Louis, MO) in 500 mLs of demineralized sterile double-distilled water. The 
suspension is then settled for 24 hours at room temperature. Four-hundred thirty 
(430) mLs of supernatant is removed by suction and the particles are resuspended in 
demineralized, sterile double-distilled water added to a final volume of 500 mLs. 
After an additional 5 hours of settlement, 440 mLs of the supernatant is removed by 
suction, and 600 |iL of HCl (32% wt/vol) is added to adjixst the suspension to a pH2. 
The suspension is aliquotted and stored in the dark. 

Lysis buffer is prepared by dissolving 120 grams of guanidine thiocyanate 
(GuSCN, Fluka Chemical, Buchs, Switzerland) into 100 mLs of 0.1 M Tris 
hydrochloride (Tris-HCI) (pH 6.4), and 22 mLs of 0.2 M EDTA, adjusted to pH 8.0 
•.withNaOH, and 2.6 grams of Triton X-100 (Packard Instrument Co., Downers Grove, 
XL). The solution is then homogenized. 

Washing buffer is prepared by dissolving 120 grams of guanidine thiocyanate 
(GuSCiN) into 100 mLs of 0.1 M Tris-HCI (pH 6.4). 

Fifty |JiL of plasma or serum are mixed with 40 |iL of silica suspension 
prepared as above, and with 900 jiL of lysis buffer, prepared as above, using an 
Eppendorf 5432 mixer over 10 minutes at room temperature. The mixture is then 
centrifiiged at 12,000 x g for one minute and the si5)ematant aspirated and discarded. 
The silica-DNA pellet is then washed twice with 450 |iL of washing buffer, prepared 
as above. The pellet is then washed twice with one mL of 70% (vol/vol) ethanol. 
The pellet is then given a final wash with one mL of acetone and dried on a heat 
block at 56 degrees centigrade for ten minutes. The sample is eluted for ten minutes 
at 56 degrees centigrade with a TE buffer consisting of 10 mM Tris-HCI, one mM 
EDTA (pH 8.0) with or without Proteinase K (100 ng/ml) as described by Boom et 
al . Following elution, the sample is then centrifuged at 12,000 x g for three minutes, 
and the DNA-containing supernatant recovered. The DNA extract is now used in 
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amplification. (Boom et a/., 1991, ibid.\ Boom et al, 1989, ibid,\ Cheung et a/., 
1994, J, Clin. Microbiol 32: 2593-2597). 

in. Acid guanidinium thiocyanate-phenol-chloroform extraction method. 

As an alternative method, extracellular DNA may be extracted from plasma 
or serum in step one u^ing variations of the acid guanidinium thiocyanate-phenol- 
chloroform extraction method. For example, extracellular DNA may be extracted 
from plasma or serum using TRI reagent, a monophase guanidine-thiocyanate-phienol 
solution, as described by Ghomczynsld (1993, Biotechniques 15: 532-534). One mL 
of plasma or serum is processed using 5-10 mLs of TRI Reagent™ (TRI Reagent, 
Molecular Research Center, Cincinnati,' OH, Trisolv™, BioTecx Laboratories, 
Houston, TX, TRIzol"™, GIBCO BRL/Life Technologies, Gaithersburg, MD, 
ISOGEN™, Nippon Gene, Toyama, Japan, RNA Stat™ 60, Tel-test, Friendsword, 
TX) according to manufacturer's directions. DNA is precipitated from the interphase 
with ethanoL 

IV. Additional nucleic acid extraction methods 

Alternate means of purification which may be used to obtain DNA from serum 
or plasma, including selective retention on a size exclusion column or similar matrix, 
salting-out method, and other guanidinium thiocyanate extraction methods known in 
the art. 

Combined Anmlification and Restriction Dig estion fCARD^ 

The invention provides a particularly preferred embodiment comprising a 
combined amplification and restriction digestion step, termed CARD assay. This 
method allows the simultaneous performance of enrichment for mutant DNA 
(Invention Step two, described below) with amplification (invention Step three, 
described below), significantly shortening analysis time and reducing reagent 
consumption. The method relies upon the use of a thermoresistant or thermostable 
restriction endonuclease which is able to withstand elevated temperatures (>50''C) for 
a prolonged period of time (>5-10 minutes). Thermostable restriction enzymes 
generally have reaction conditions similar to those of thermostable DNA polymerase. 
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so that both enzymes may function simultaneously in the same reaction container. 
The only criterion for use of the CABX) method is that wild-type oncogene DNA 
carry a thermostable restriction enzyme recognition site that is altered in mutant 
oncogene DNA. If such a site does not exist naturally, oligonucleotide primers may 
be designed to flank the site of mutation and create a restriction site by altering one 
or more bases (see Figure 1). Thus, this method has broad application to the rapid 
selection of mutant oncogene molecules from a mixture or background of non-mutant 
oncogene molecules. Indeed, this method may be £q)plied to other settings, not 
limited to oncogene DNA detection, in which one form or sequence of DNA is to be 
selescted — on the basis of the presence or absence of a restriction enzyme site— from 
another form or sequence of DNA. 

The preferred embodiment of CARD is performed as follows: 
DNA is prepared using any of the means described in invention step 1. A 
mixture of 35 jiL of plasma or serum DNA, 50 mM potassium chloride, 10 mM Tris- 
HCl (pH 9.0), 0.1% Triton X-100, 1.5 mM magnesium chloride, 200 micromolar each 
•dATP, dCTP, dGTP, dTTP, 15 picomole each oligonucleotide (Primers 1 and 2)(the 
precise amoxmt of each oligonucleotide primer may vary empirically from one target 
DNA to another), 4 units thermostable restriction endonuclease (the precise amount 
of each restriction enzyme may vary depending on its degree of thermostability, with 
more being needed for relatively labile enzymes), and 1 imit Taq polymerase 
(Promega, Madison, WI) is prepared in a volmne of 50 \xL. 

In the preferred embodiment, the polymerase chain reaction mixture is 
incubated at 94*^0 for 7 seconds, then at 55-60**C (depending on the degree of 
thermostability of the restriction enzyme and annealing temperature of the 
oligonucleotide primers) for 3 minutes, then at 94^C for 6 seconds, again annealed, 
extended and digested at 55-60°C for 3 minutes, then incubated at 94°C for 5 
seconds, and so on, decreasing the length of 94®C denaturation by one second each 
cycle until after 6 rounds the denaturation lasts only 1 second. Thereafter, cycles with 
one second denaturation steps and 3 minute extension and digestion steps are 
performed xmtil a total of 40 is reached. After cycle 10, the reactions are paused at 
60°C and an additional 10 units of restriction enzyme are added to each tube. 
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At the completion of the temperature cycling, twenty-five \xL of the 
polymerase chain reaction (PGR) mixture is then removed to a new tube and mixed 
with restriction enzyme reaction buffer and 10 units of the chosen restriction enzyme 
in a volume of 30 jiL, then incubated at the appropriate temperature for reaction to 
occur for 90 minutes. A second aliquot is added and the reaction continued for 90 
minutes more prior to proceeding to any method of detection specified in inventipn 
step three. Alternatively, at the completion of temperature cycling, lOU of the chosen 
restriction enzyme are added directly to the cycling reaction tube and this mixture 
incubated at the appropriate temperature for l-2h prior to commencement of the 
detection step. 

The CARD amplification method is also appUcable to detecting any nucleic 
acid in any biological or other sample, wherein amplification primers for the nucleic 
acid of interest are known or may be derived, and in which a restriction enzyme 
digestion site recognized by a thermoresistant or thermostable restriction endonuclease 
is present or can be created using the methods of the invention. The use of the 
•CARD method of the invention is exemplified but not limited to detection of 
extracellular tumor-derived or tumor-associated nucleic acid herein. 
STEP TWO: Enrichment for mutant DNA 

Following extraction of extracellular DNA firom plasma or serum ui step one, 
the DNA is amplified using a nucleic acid amplification assay. One or more of 
several amplification assays may be used, including polymerase chain reaction, ligase 
chain reaction, branched DNA signal amplification, isothermal nucleic acid sequence 
based amplification (NASBA), other self-sustained sequence replication assays, 
transcription-based amplification, boomerang DNA amplification, strand-displacement 
activation, cycling probe technology, or combinations of amplification methods such 
as polymerase chain reaction combined with ligase detection reactions. The 
sensitivity of some amplification assays may be increased by invention step two, 
which is an optional step, whereby mutant DNA is enriched through the use of a 
restriction enzyme, as adapted firom the method of Kahn et al. (Kahn et aL, 1991, 
ibid.). 

A restriction endonuclease is chosen to examine one portion of a known 
oncogene or tumor-associated DNA for mutations. Restriction endonucleases are 
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naturally occurring enzymes with the ability to recognize a particular arrangement of 
nucleotide bases and, with absolute specificity, to cleave double stranded DNA at or 
near the site of recognition. Oncogenes such as p53, pi 6, BRCAl and ras exhibit a 
nxmiber of alterations in their DNA sequence that can be identified on the basis of 
altered restriction enzyme recognition and cleavage. The second step of the invention 
uses cleavage of normal, non-mutated oncogene DNA by a restriction endonuclease 
chosen to span one or more of the nucleotides known to be mutated with some 
fi^quency in cancers and their precursors. DNA can then be amplified by any of 
several methods including but not limited to the polymerase chain reaction, the ligase 
chain reaction, self-sustaining sequence replication and others. Since wild-type DNA 
has been selectively cleaved by restriction endonuclease digestion, and cleavage 
prevents DNA ainplification, mutant oncogene DNA is relatively enriched following 
the amplification stage. This cycle of cleavage and amplification may be repeated to 
fijrther enrich the test sample for mutant DNA. 

If no restriction enzyme recognition site can be located fix)m an examination 
\of the known sequence of the oncogene under study, such a site may be created by 
the introduction of a new base into the sequence during a preliminary round of DNA 
amplification. This method is illustrated in the Example provided below. 

In the preferred embodiment, if no restriction enzyme site exists, a preliminary 
round of DNA amplification is performed as follows. A pair of oligonucleotide 
primers, each 20-30 nucleotides long, is manufactured to be complementary to the 
oncogene being examined (see Figure 1). One of the primers (Primer 1) is designed 
to lie immediately adjacent to the location where mutation occurs in neoplasia. 
Restriction enzyme sites are introduced mto each of the primers by changing one or 
two nucleotides as necessary. Primer 1 is altered so that only noh-mutated, wild-type 
DNA is cleaved. Primer 2 is altered to introduce a site recognized by the same 
restriction enzyme, which serves as an internal control for digestion. 

Primers used in CARD assay or in invention steps two and three should be 
based on the specific tumor-derived or associated DNA of interest which characterizes 
the tumor. Tumor-derived or associated DNA includes but is not limited to: 
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DNA related to mutated oncogenes or other mutated DNA, a partial list of 
which includes U-ras, K-ras, N-ras, c-myc, her-llneu, bcr-abl, fms, src, fos, 
sisjun, bcl'2, bcl-2/Igii, or VHL (Von Hippel-Lindau gene) 

• DNA related to tumor suppressor genes, a partial list of which includes p53, 
RB, MCC, APC, DCC, NFl, WTl. 

• DNA related to tumor-associated protein which is found elevated in certain 
cancers, a partial list of which includes alpha-fetoprotein (AFP), 
carcinoembryonic antigen. (CEA), TAG-72, CA 19-9, CA-.125, prostate 
specific antigen (PSA), epidermal growth factor receptor, and epidermal 
growth factor 

• . DNA related to tumor-derived protein not normally found circulating in blood, 

a partial list of which includes tyrosinase DNA, keratin 19 DNA 

• DNA related to tumor-specific antigens, such as MAGE 1, MAGE 2, MAGE 
3, MAGE 4 and MAGE 4 

For example, for mutant K-ra5 oncogene DNA, oligonucleotide K-ras primers 
•can consist of: 
K-ras primer 1 

5'-ACTGAATATAAACTTGTGGTAGTTGGACCT-3' (SEQ ID. No.:l) 

K-ms primer 2 

5'-TCAAAGAATGGTCCTGGACC-3' (SEQ ID No.:2). 

The oligonucleotide K-ras primer 1 is immediately upstream of codon 12, and 
modified at the 28th base (G>C) to create an artificial restriction enzyme site (BstNI) 
The oligonucleotide K-ras primer 2 is modified at the 17th nucleotide (C>G) to create 
an artificial BstNl site to serve as an internal control for completion of digestion. The 
amplified mutant K-ras product is of 142 base pair length. 

In another example, oligonucleotide p53 primm specific for mutant alleles of 
the pS3 oncogene are shown below in Tables I and n. Specifically, different primers 
may be utilized in methods of the invention comprising two amplification steps, 
allowing for "nesting" or "hemi-nesting" of the ampUfication products to provide 
greater specificity and decrease the amount of analysis required to detect the amplified 
product. An example of sets of hemi-nested primers are shown in Tables 11 and III 
for mutant p53 oncogene DNA. 
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In another example, the bcl-2 oncogene DNA, oligonucleotide bcl-2 primers 
can consist of: 

MBR 5'-TTAGAGAGTTGCTTTACGTG-3' (SEQ ID No.:3) 

J„CON 5'-ACCTGAGGAGACGGTGACC-3' (SEQ ID No.:4) 

MBR-int 5'-GCCTGTTTCAACACAGACC-3' (SEQ ID No.:5). 

In a preferred embodiment, polymerase chain reaction is perforaied as a two part 
amplification, in which enrichment of mutant DNA with the restriction enzyme is 
performed following the first aniplification. However, as an altemative to polymerase 
chain reaction other amplification methods or their variants may be used, as noted 
herein. 

hi a preferred embodiment, a polymerase chain reaction mixture consisting of 
35 iiL of DNA firom serum or plasma, 50 mM potassium chloride, 10 mM Tris-HCl 
(pH 9.0), 0.1% Triton X-100, 1.5 mM magnesium chloride, 200 micromolar each 
dATP, dCTP, dGTP, dTTP, 0.5 picomole each oUgonucleotide (Primers 1 and 2)(the 
precise amount of each oligonucleotide primer may vary empirically firom one target 
;.DNA to another), and 1 unit Taq polymerase (Promega, Madison, WI) is prepared in 
a volume of 50 ^L. 

hi a preferred embodiment, the polymerase chain reaction mixture is cycled 
15-20 times at 94^C for 48 seconds, 56^C for 90 seconds, and 72°C for 155 seconds 
in an automated thermocycler (Ericomp Deltacycler or similar), as adapted from Kahn 
(1991, ibid,), prior to restriction enzyme enrichment of DNA. 

Ten |iL of the polymerase chain reaction (PGR) mixture is then removed to 
a new tube and mixed with restriction enzyme reaction buffer and 10 units of the 
chosen restriction enzyme m a volume of 20 |iL, then incubated at the appropriate 
temperature for reaction to occur for 90 minutes. A second aliquot of enzyme is 
added and the reaction contmued for 90 minutes more prior to proceeding to step 
three. 

STEP THREE: Nucleic acid amplification and detection 

Extracellular DNA which has been extracted from plasma or serum during step 
one, is amplified by a nucleic acid amplification assay utilized for detection of low 
numbers of DNA molecules. Applicable assays include polymerase chain reaction 
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(PGR), ligase chain reaction, branched DNA signal ampUfication, isothermal nucleic 
acid sequence based amplification (NASBA), other self-sustained sequence replication 
assays, transcription-based amplification, Q-beta replication, boomerang DNA 
amplification, strand-displacement activation, cycling probe technology, and 
combinations of such amplification methods. 

Primers uised in the amplification assay should be based on the specific tumor- 
derived or associated DNA or mutant oncogene DNA of interest which characterizes 
the tumor, as has been previously described and characterized herein (see step two). 

I. Polymerase chain reaction amplification: 

Amplification reaction specifics using CARD assay are as described above. 
Otherwise, 10\xL of the digested PGR mixture from step two is removed to a new 
tube and constituents for another PGR reaction are added in a volume of 50 \iL. All 
constituents are identical to those in step two except that 15-fold more of each 
oligonucleotide primer is used. The same cycling conditions are employed for 35 
•cycles. Alternatively, if invention step two is omitted, an ampUfication reaction is 
prepared using 35 \iL of plasma or serum in a final volume of 50 |iL, with remaining 
constituents as for the preferred version of step three, with the preferred PGR 
amplification performed in an automated thermbcycler for 15-30 cycles at 94'' G for 
48 seconds, 56° C for 90 seconds and 72° C for 155 seconds per cycle (parameters 
may be varied and are advantageously optimized for each primer pair). 

Following completion of thermocycling, twenty-five [iL of this PGR reaction 
are removed to a new tube, and constituents are added for a second restriction 
digestion with the same enzyme. Seventeen units of enzyme are added in a final 
volume of 35 ^L, with all other constituents as in the first digestion. The reaction is 
performed for 60 minutes, followed by addition of 10 additional units of restriction 
enzyme and digestion for an additional 60 minutes. The ampUfied PGR product is 
then detected as described herein (see Detection). 

If a restriction enzyme site is already present at the point of oncogene 
mutation. Primer 1 need not contam any mismatches with the known oncogene 
sequence and may be placed any convenient distance from the point mutation site 
under examination. Primer 2, however, should still be constructed to contain a 
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restriction site cleavable by the same enzyme to serve as an internal control. In all 
instances, the PGR products should be no larger than 150-200 base pairs, any 
sequence change introduced into Primer 1 should be as far from the three prime end 
as possible, and the sequence change in Primer 2 should create a site that cleaves 
approximately 10 base pairs from its five prime end. For fiirther clarification, see 
Example 1 in which a preferred embodiment is used for detection of extracellular 
mutant K-ras oncogene DNA m plasma or serum. 

Other variations pf polymerase chain reaction, including quantitative PGR, for 
example as adapted to the method described by Wang et aL (1989, Proc. NatL Acad. 
Sci. USA 86: 9717-9721) or by Karet et dl (1994, Anal Biochem. 220: 384-390), may 
alternatively be used. 

n. Ligase chain reaction amplification: 

Other methods of DNA amplification including ligase chain reaction, and 
others as described herein that specifically create new DNA can be employed with the 
•same effect. The ligase chain reaction (LGR), which uses a thermostable ligase 
enzyme to create new double-stranded DNA fragments out of 4 closely apposed 
oligonucleotides, can be used either qualitatively or quantitatively to detect mutant 
oncogenes in blood as follows. Oligonucleotides are selected to lie directly upon the 
oncogene mutation site of interest. The 2 oligonucleotides that are complementary 
to the mutation site are manufactured to contain the mutant nucleotides only at their 
three prime ends, thus excluding hybridization to the non-mutated, wild-type 
oncogene. If a restriction site exists around the nucleotide(s) of interest, it may be 
used for restriction digestion to selectively cleave the wild-type molecules. 
Alternatively, if no restriction site exists one can be created by the introduction of 
sequence changes in the oligonucleotides. Finally, if adequate thermodynamic 
discrimination can be made between mutant and wild-type sequences by the 
hybridizing oligonucleotides (allele specific hybridization or amplification), no 
restriction digestions need be performed and detection of mutant oncogene DNA may 
proceed directly from the DNA harvesting step. 

An example of the use of LGR in detection of oncogene DNA in plasma or 
serum, an assay for K-ras DNA mutated at codon 12 is illustrated. Following 
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extraction of serum or plasma DNA as in step 1, a ligase chain reaction mixture 
consisting of 35 |aL of DNA from serum or plasma, 20 mM potassium chloride, 20 
mM Tris-HCl (pH 7.5), 0.1% NP-40, 10 mM magnesium chloride, 0.1 mM rATP, 1 
mM dithiothreitol, 10 nanograms each of primers LCRl (5'- 
5 ATTACTTGTGGTAGTTGGAGCTGA/T/C-3'; SEQ ID No.:6), where the last 

position is a mixture of three nucleotides A/T/C), LCR2 (5'- 
TGGCGTAGGCAAGAGTGC-3'; SEQ ID No.:7), LCR3 (5'- 
GCACTCTTGCCTACGCCAA/G/T-3' (SEQ ID No.:8), where the last position is a 
mixture of three nucleotides A/G/T), LCR4 (5'- 

10 CAAGCTCCAACTACCACAAGTAAT-3'; SEQ ID No.:9), and 1 unit Pfu DNA 

ligase (Stratagene, La JoUa, CA) is prepared in a volume of 50 [iL. The ligase chain 
reaction mixture is incubated at 92''C for 4 minutes, followed by 60°C for 3 minutes, 
then is cycled 20-25 times at 92°C for 20 seconds and 60°C for 20 seconds in an 
automated thermocycler (Ericomp Deltacycler or similar). This reaction mixture is 

15 then used in one or more detection assays as described in step three. This ligation 

•chain reaction depends upon the ability of the ligase enzyme to join two DNA primers 
only if they match the target or template DNA (in this case, DNA extracted from 
serum or plasma) exactly, particularly at the three prime ends. The mixture of 
nucleotides at the three prime ends of LCRl and LCR3 will recognize any mutant at 

20 the second position of the twelfth codon, and will effectively amplify it. By contrast, 
the wild type sequence will not hybridize effectively with these primers, ligation will 
not occur, and thore will be no amplification of wild type DNA. 

25 in. Alternative methods of nucleic acid amplification: 

An alternative method of either qualitative or quantitative amplification of 
nucleic acid which may be used in step three is branched DNA signal amplification, 
for example as adapted to the method described by Urdea et al (1993, AIDS 7: Sll- 
14; 1991, Nuclic Acids Res, Symp. Ser, 24: 197-200), modified as follows. Plasma 

30 or serum are subjected to centrifiigation at reduced speeds, as previously described, 

and extracellular DNA extracted as described herein in Step one above. Extracellular 
DNA is then applied directly to microwells and detection performed essentially as 
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described, using target probes specific for the tumor-associated DNA of interest, 
whereby chemiluminescence is detected in amounts proportional to the amount of 
tumor-associated DNA present in the sample. 

An alternative method of either qualitative or quantitative amplification of 
nucleic aicid which may be used in step three is isothemial nucleic acid sequence 
based amplification (NASBA), for example as adapted to the method described by 
Kievits et al (1991, J, Virol Methods M: 273-286) or by Vandanmie et al (1995, 
y. Virol Methods 52: 121-132). 

Alternative methods of either qualitative or quantitative amplification of 
nucleic acids which may be used in step three include Q-beta replication, other self- 
sustained sequence replication assays, transcription-based amplification, boomerang 
DNA amplification, strand-displacement activation, cycling probe technology, and 
combinations of amplification methods such as polymerase chain reaction combined 
with ligase detection reactions. 

Following completion of amplification, the product is detected as described 

•below. 

IV. Detection of Amplified Product 

There are numerous methods to detect amplified DNA, any of which may be 
used for detection of amplified product in step three. 

one method, amplified DNA product is detected in step three using gel 
electrophoresis. In the preferred embodiment, 25 \iL of the second digestion product 
is electrophoresed through a 3% agarose gel in 1 X TBE at 75 VDC for 
approximately 2 hours before staining with ethidium bromide. Mutant DNA is 
evident on the gel as a single band of length (PGR product length mmns cleaved 
portion of Primer 2); failure of digestion is evident by a band the size of the fiiU- 
length PGR product, while wild-type, non-mutated DNA is generally not evident but 
may sometimes be seen as a band at length (PGR product length minus cleaved 
portion of Primer 2 minus cleaved portion of Primer 1). As an alternative to ethidium 
bromide, the amplified product can be transferred from the gel to a membrane by 
blotting techniques such as Southern blot analysis to be detected with a labeled probe. 
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As an alternative means of detection of the mutant oncogene signal, any type 
of hybridization reaction or other method that separates different-sized PGR products 
may be employed. For example, an oligonucleotide complementary to the central 
portion of the PGR product may be bound to a matrix, and a separate oligonucleotide 
complementary to the five prime end of the PGR product, labeled with a fluorescent 
or chromogenic tag, can be used as a detector. With this format, only PGR products 
containing the uncleaved five prime end will hybridize and yield a signal. This 
approach lends itself to automation and to quantitation, since the fluorescent signal 
can be cmnulated. Additionally, a fluorescent or other tag can be placed on Primer 
. 1 prior to the thermocycling reaction and, with proper adjustment of cycling 
parameters, the intensity and thus quantity of mutant oncogene can be read directly 
following the second round of restriction digestion, as in the Taqman LS-50B PGR 
Detection System (Perkin-Ehner, Foster Gity, GA). 

An alternative method which may be used in step three to detect the amplified 
DNA product is ELISA detection. Depending upon the ELISA detection method 
.used, it may be necessary to biotinylate or otherwise modify the primers used in step 
three. For example, one ELISA detection method which may be used in step three 
is the method described by Landgraf et al (1991, Anal Biochem. 198 : 86-9i) as 
follows: 

Primers are modified with biotinylamidocaproate-N-hydroxysucciimnidester 
(Sigma) and fluorescein isothiocyanate (FTTG) (Sigma), by the method of Landgraf 
et al (1991, Anal Biochem. 193: 231-235). Following amplification the ELISA is 
carried out in microtiter plates coated with 1 microgram/mL affinity-purified avidin 
(13 U/mg, Sigma). One \iL. of the final amplification product (or post-digestion 
product) is diluted with 50 |xL of PBS-Tween, and then incubated at room 
temperature for 30 minutes in the microtiter plate well. Non-incorporated primers are 
removed by washing with PBS-Tween. The plates are then incubated at room 
temperature for 30 minutes after adding 50 ^L per well of anti-FITG antibody-HRPO 
conjugate (Dakopatts) which is at a 1:500 dilution with PBS-Tween. Following this, 
80 \iL of an ELISA solution made from one milligram 3, 3\ 5, 5* 
tetramethylbenzidine (Sigma) dissolved in one mL dimethyl sulfoxide, and diluted 
1:10 with 50 millimol sodium acetate:citric acid, pH 4.9, with 3 jiL of 30% (vol/vol) 
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H2O2 added, is added to each well. After 2-5 minutes, the reaction is stopped by 
adding 80 |JiL of 2M H2SO4. The optical density is then read at 450 nm. 

Alternative methods of ELISA detection which may be used in step three 
include, but are not limited to, immunological detection methods using monoclonal 
antibody specific for RNA/DNA hybrids, such as by adapting methods described by 
Coutlee et al (1989, Anal Biochem. 181: 96-105), or by Bobo et al (1990, J. Clin. 
Microbiol 28: 1968-1973). 

Altemative methods of ELISA detection which may be used in step three 
include, but are not limited to, commercial detection systems such as the SHARP 
signal system (Digene Diagnostics, Ihc.), and the DNA enzyme immunoassay (DEIA), 
(GEN-ETI-K DEIA, Sorin Biomedica). 

Altemative methods by which amplified product may be detected include but 
are not limited to all methods of electrochemiluminescence detection, such as by 
adapting the method described by Blackbiim et al (1991, Clin. Chem. 37' 1534- 
1539), or by DiCesare et al (1993, Biotechniques 15: 152-157), all methods utilizing 
•reverse dot blot detection technology and all methods utilizing high-performance 
hquid chromatography. 

Finally, several separate assays examining different oncogenes or different 
regions of the same oncogene may be performed on the sample simultaneously, either 
in separate reaction tubes or, through judicious choice of oligonucleotides and 
restriction enzymes, in the same tube. This multiplexing approach allows greater 
sensitivity for detecting any single mutated oncogene and thus greater sensitivity for 
cancer detection. It may be that particular patterns of mutated oncogenes, yet to be 
identified, have particular clinical significance as to type of carcinoma present or 
prognosis. 

Therapeutic Applications 

The extraction of extracellular DNA from plasma or serum, and the 
amphfication of tumor-associated or derived DNA to detectable levels, permits fiirther 
analysis or other manipulation of that DNA, from which fiirther clinical utility is 
realized. In this optional step of the invention, amplified extracellular DNA is 
analyzed to define the characteristics or composition of the tumor from which the 
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DNA originates. Any of several methods may be used, dependent upon the desired 
information, including nucleic acid sequencing, spectroscopy including proton NMR 
spectroscopy, biochemical analysis, and inmumologic analysis. In the preferred 
embodiment, amplified DNA is isolated — ^for example by excising mutant DNA bands 
fi-om an agarose gel — ^reamplified, cloned into a plasmid vector, for example the 
pGEM-T vector plasmid (Promega) and sequenced using a commercial kit such as 
Sequenase 2.0 (USB). Analysis to define the characteristics or composition of the 
extracellular DNA, and thus the tumor of origin, affords a wide array of clinical 
utility, including the description, characterization, or classification of the tumor, 
whether known or occult, such as by tissue of origin, by type (such as premalignant 
or malignant), phenotype, and genotype, and by description or characterization of 
tumor behavior, phyisiology and biochemistry, as to gain understanding of tumor 
invasiveness, propensity to metastasize, and sensitivity or 
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resistance to various therapies, thereby allowing the prediction of response to either 
ongoing or planned therapy and, further, allowing evaluation of prognosis. 
Comparison of the characteristics of extracellular DNA to previous biopsy or surgical 
specimens permits further evaluation of tumor heterogeneity or similarity in 
comparison to that specimen, and thus evaluation of tumor recurrence. 

Following extraction of extracellular DNA from plasma or serum, 
complimentary ribonucleic acid (RNA) may be transcribed or manufactured from the 
DNA, In a preferred embodiment, transcription of RNA is performed by employing 
a primer with an RNA polymerase promoter region joined to the standard primer 
sequence for the DNA of interest in the amplification reaction (step three). RNA 
complimentary to the DNA is then transcribed from the attached promoter region, fii 
an alternative method, amplified extracellular DNA is cloned into an expression 
vector, and RNA complimentary to the DNA is transcribed. Furthermore, as an 
optional preferred embodiment, the complimentary RNA is used in an in vitro 
translation reaction to manufacture tumor-associated or tumor-specific protein. 

Extraction of extracellular DNA, amplification of tumor-derived or tumor- 
associated DNA., and characterization, transcription of complimentary RNA, and 
translation to tumor-associated or tumor-specific protein, provides, significant utility, 
both in the assignment of therapy and in the development of tumor-specific therapies. 
Sequencing of extracellular DNA or transcription of complenaentary RNA allows 
assignment or development of antisense compounds, including synthetic 
oligonucleotides and other antisense constructs appropriately specific to the 
extracellular DNA, such as by construction of an expression plasmid such as by 
adaptmg the method of Aoki et al (1995, Cancer Res. 55: 3810-3816). Similarly, 
defining tumor characteristics allows assignment of specific monoclonal antibody or 
vaccine therapies appropriately specific to the amplified DNA. Production of 
corresponding inununologic protein can be used in the development of txmior-specific 
monoclonal antibodies. Similarly, translated protein can be used in tumor-specific 
vaccine development. Furthermore, the extracellular DNA permits a means of 
defining or allowing the construction of a DNA construct which may be used in 
vaccine therapy. 
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Of particular value, the invention allows the development and application of 
these tumor-specific therapies even when only premalignant tumors, early cancers, or 
occult cancers are present. Thus, the invention allows therapeutic intervention when 
tumor burden is low, immunologic function is relatively intact, and the patient is not 
compromised, all increasing the potential for cure. 

The invention also provides methods for transcribing RNA complementary to 
the isolated extracellular nucleic acid firom plasma or serum, as well as methods for 
producing peptides and proteins (or firagments thereof) encoded thereby. Additional 
methods for .using the peptide and proteins as antigens for producing antibodies 
specific for the peptides and proteins encoded by the extracellular nucleic acids of the 
invention are also provided. The isolated extracellular nucleic acids of the invention 
are also used in methods for producing antisense oligonucleotides, either synthetically 
or using recombinant genetic methods, and the use thereof for affecting gene 
expression in a cell will be appreciated by one having ordinary skill in the art in view 
of the methods for isolating and identifying said extracellular nucleic acid provided 
herein. Vaccine production, as is understood by one with skill in the art, is also 
enabled using the methods of the invention. 

The methods of the invention and preferred uses for the methods of the 
invention are more fully illustrated in the following Examples. These Examples 
illustrate certain aspects of the above-described method and advantageous results. 
These Examples are shown by way of illustration and not by way of limitation. 

EXAMPLE 1 

Detection of extracellular mutant K-ras oncogene DNA in plas ma or serum, 

1, Backgroimd 

Colorectal cancer (CRC) is a common and often fatal disease, representing the 
second or third leading cause of cancer death in the U.S. Local spread of disease is 
common, and regional or widespread metastasis has occurred in roughly 60% of CRC 
at the time of diagnosis (Parker et al, ibid.). Current screening tests for CRC involve 
stool sampling for occult blood or endoscopic examination. These methods provide 
no information on the spread of disease, however. 
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Advances in the iinderstanding of the benign-to-malignant transformation 
sequence are based largely on studies of CRC and its precursors (Fearon et aL\ 1987, 
Science 238: 193-197; Fearon & Vogelstein, 1990, Cell 61: 759-767; Hamilton, 1992, 
Cancer 70: 1216-1221). The genesis of an adenocarcinoma is understood to require 
5 the occurrence of a number of mutational events, leading to the transformation of 

normal epithelium into a clonal malignancy. While no single event has been 
identified as bemg crucial to the development of CRC, mutation of the K-ras 
oncogene has been detected in 40-75% of all CRC and is found in roughly the same 
proportion of pre-malignant adenomas (Bos et al, 1987, Nature 327: 293-7; Yamagata 

10 et al., 1994, Jap. J. Cancer Res. S5: 147-51). K-ras mutation occurs in later stages 

of adenoma development and persists during the clonal transformation process 
(Vogelstein et al, 1988, N. Engl J. Med. 319: 525-32). Mutations of K-ra^, located 
on chromosome 12p, seem to play an important role in a number of malignancies. 
In CRC these mutations almost always are missense mutations confined to codons 12, 

15 13 and 61, with the first in particular being common (Chaubert et al.y 1994, Amer, J, 

\Path. 144: 767-75; Kondo et al, 1993, Cancer 73: 1589-94; Oudejans a/., 1991, 
Int. J. Cancer 49: 875-9; Pellegata et al, 1992, Anticancer Res. 12: 1731-6; 
Sidransky et a/., 1992, Science 256: 102-5). These mutations appear to alter the 
normal function of this proto-oncogene (Finney & Bishop, 1993, Science 260: 1524-7; 

20 Shirasrawa et al, 1993, Science 260: 85-8). 

2. Details of the assay 

This embodiment of the inventive assay was performed in the following steps. 
Step one: Plasma or serum samples &om six patients with advanced colorectal 

25 cancer and 15 normal volunteers were used in the assay. Extracellular DNA firom 

plasma or serum samples was co-precipitated with gelatin using a modification of the 
method of Foumie et al (1986, Anal Biochem. 158: 250-6). Briefly, leO^iL plasma 
or serum was mixed with 12.8nL 0.5 M EDTA.and 467^L sterile, double-distilled 
water, then emulsified for 3 minutes with 320^L phenol or phenol:chlorofonn:isoamyl 

30 alcohol (25:24:1). The solution was centrifiiged at 14,000 x g for 10 minutes to 

resolve the aqueous and organic phases, and 570|aL of the aqueous layer was removed 
to a clean tube. DNA was precipitated by addition of 142^L of a 0.3% gelatin 
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solution prepared as described above and SOOjxL of cold absolute ethanol, followed 
by incubation at -lO^C for 2 hours. The sample was centrifuged at 14,000 x g at 6°C 
for 15 minutes, washed once with cold 70% ethanol, and dried in a 60°C heat block 
for 10 minutes. DNA was then recovered by the addition of 35 to 70^L of sterile, 
double-distilled water preheated to 60°C. Thirty-five |J.L of the resuspended DNA 
was used in the second step of the assay. 

Step two: DNA fragments specific for nucleic acid sequences of mutant Krras 
oncogene in the isolated extracellular DNA preparation of Step One were amplified 
utilizing a noh-radioactive PGR assay adapted from Kahn et aL (1991, Oncogene 6: 
1079-1083) as follows. A reaction mixture was prepared containing 35|a.L of the 
isolated extracellular DNA of Step One, 50mM potassium chloride, lOmM Tris 
buffer (pH 9.0), 0.1% Triton X-100, 1.5mM magnesium chloride, 200{iM for each 
nucleoside triphosphate (dATP, dGTP, dCTP, and dTTP), 0.5 pmol oligonucleotide 
K-ras primer I having the sequence: 
••5'-ACTGAATATAAACTTGTGGTAGTTGGACCT-3' (SEQ ID No. 1), 

0.75 pmol oligonucleotide K-ras primer 2 having the sequence: 
5'-TCAAAGAATGGTCCTGGACC-3' (SEQ ID No.: 2), 

and lU Tag DNA polymerase CPromega, Madison, WI) in a finial volume of 50nL. 
Oligonucleotide K-ras primer 1 was constracted to contain the nucleotide sequence 
tihat is immediately upstream of mutant codon 12 (positions 99-128; Genbank 
Accession #L00045) of the K-ras gene, and is modified at the 28th base (G-^C) to 
create a non-naturally-occurring restriction enzyme digestion site (BstNT). 
Oligonucleotide K-ras primer 2 is constructed to contain the nucleotide sequence 
complementary to the sequence of K-ras (at the complement of positions 255-236; 
Genbank Accession #L00045), and is modified at the 17th nucleotide (C-G) to create 
a non-naturally-occxuring BstNl site that serves as an internal control to monitor 
restriction enzyme digestion. The reaction mixture was overlaid with mineral oil and 
thermocycled 15-20 times using a thermal profile of 94°C for 48 seconds, 56°C for 
90 seconds, and 72°C for 155 seconds in a PHC-2 thermocycler (Techne, Princeton, 
NJ). Ten |iL of the PGR mixture was then removed to a new tube and mixed with 
IX BstNl reaction buffer and 10 units BstNI restriction enzyme (Stratagene, La JoUa, 
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CA), and then incubated at 60*^0 for 90 minutes. A second aliquot of 10 units BstNl 
was added and the reaction continued for an additional 90 minutes. 

Step three: Ten |iL of the digested PCR mixture was removed to a clean tube and 
5 a new reaction mixture was set up for the second round of amplification, using the 

same constituents as in the first amplification with the exception that 7.7 pmoles of 
oligonucleotide K-ras primer 1 and 11.5 pmoles of oligonucleotide Krras primer 2 
were used. The same cycling conditions were employed for 33-35 amplification 
cycles. A second BstNl restriction digestion was then performed using 25 |iL of the 

10 second step PCR product and 17 units of enzyme in a final volume of 35nL. 

Digestions were performed for 60min at 60°C, followed by the addition of a second 
aliquot of lOU of ehzyine and a digestion for an additional 60 min. The final 
digestion product was analyzed by gel electrophoresis on a 3% agarose gel (NuSieve, 
FMC Bioproducts, Rockland, ME) in IX TBE buffer at 75V DC for about 2h and 

15 DNA firagments visualized by staining with ethidium bromide and iiltraviolet light 

illumination (Foto-prep Transillmninator, Fotodyne, Hartland, WI). 

All amplification assays included as a positive control DNA from a colon 
carcinoma cell line GEO known to contain a GGT-GCT mutation in codon 12 of the 

20 K-ras gene; a negative control containing wildtype K-ras sequences consisting of 

normal placenta tissue, and a negative control for PCR contamination consisting of 
water substituted for DNA in the reaction mixture. In addition, reactions were run in 
parallel without BstNl digestion to ensure amplification had occurred (as shown in 
Figure 2). Routine precautions to prevent PCR contamination were employed in all 

25 amplification-based assays. The risk of contamination yielding falsely positive results 

was further minimized by repeating PCR assays on all patient plasma or serum 
samples 2-3 tunes on different days. 

Following gel electrophoresis, DNA fragments of the expected size were 
30 excised, reamplified, cloned into the pGEM-T vector (Promega), and the nucleotide 

sequence determined using a commercial sequencing kit (Sequenase 2.0, USB, 
Cleveland, OH). A minimum of two clones were sequenced for each PCR. Of the 
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6 patients with colorectal cancer, Krras mutations were detected in the plasma or 
serum of 4 (67%) (shown in Figure 3). The blood of all normal volimteers tested 
negative for Krras mutations (shown in Figure 4). In prototype experiments and 
using patient plasma or serum samples, this assay has been shown repeatedly to have 
a sensitivity capable of detecting 1 mutant K-roj molecule equivalent in a background 
of 100,000 to 1,000,000 wildtype K-ras molecules. However, to. make certain that 
negative results were not due to failed amplifications, specimens were further tested 
by omitting the initial BsfMl step digestion. In these experiments, a DNA fragment 
corresponding in size to the expected wildtype K-ras firagment was found in all cases 
(data not shown). In addition, the positive GEO control tested positive, and the 
negative placenta and water blank controls tested negative, in all PGR assays. 

The above example describes detection of mutant K-ras in plasma or serum 
from patients with colorectal cancer, and the same methods are employed to detect K- 
ras mutations in plasma or serum from patients having any cancer associated with K- 
•ros mutations, including colorectal, lung, pancreatic, and gastric cancers. 

3. Premalignant Disease Detection using CARD 

In addition, the methods described hCTcin can be used to detect premalignant 
or occult solid tumor disease. For example, a family history of colorectal cancer is 
a significant risk factor for the development of colorectal cancer, particularly if family 
history includes early onset. 

Use of the CARD assay of the invention to detect extracellular oncogene- 
related DNA was performed on such a patient as follows. Plasma was collected from 
a 28 year old woman with recent rectal bleeding and a family history of colorectal 
cancer (one aunt who had died in early adulthood from colorectal cancer). The 
patient had imdergone endoscopy and colonoscopy at the time of plasma collection, 
and had no clinical evidence of colorectal cancer. The patient's plasma was therefore 
subjected to CARD analysis for the detection of extracellular DNA related to the K- 
ras oncogene. 

This assay was performed as follows: 
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Step one: Plasma DNA was co-precipitated with gelatin and recovered as described 
above. 

Combined Steps two and three: A reaction mixture was prepared containing 35|xL 
of the extracted DNA solution, 50mM KCl, lOmM Tris-HCl (pH 9), 0.1% Triton X- 
100, 1.5mM MgClj, 200^M each dNTP, ISpmol each of K-ras primers 1 and 2 (SEQ 
ID Nos.: 1 & 2), 4U BstNl restriction endonuclease (Stratagene, LaJoUa, CA) and lU 
Tag polymerase (Promega, Madison, WI). This reaction mixture was overlaid with 
mineral oil and thermocycled using a protocol wherein the reaction was incubated at 
94°C for 7 seconds, then at 60°C for Smin, then at 94*'C for 5 seconds, then at 60°C 
for Smin, and so on, so that at each cycle the denaturation time at 94*'C decreased by 
one second until the seventh cycle (having a denaturation time of 1 second), which 
was repeated for an additional 33 cycles, for a total of 40 cycles in the amplification 
reaction. After cycle 10, thermocycling was paused at 60^C and an additional lOU 
of restriction enzyme added. 

At the completion of the theraiocycling reaction, 20|liL of the 
•amplification/digestion mixture were removed into a fresh reaction tube and mixed 
with lOU BsiNl in the appropriate buffer to a total volume of 30^L and incubated at 
60°C for 60min. A second lOU aUquot of Bstl>il was added and the reaction 
incubated for an additional 60min at 6Q°C. 

This digestion reaction product was analyzed by gel electrophoresis on a 3% 
agarose gel; the results of this analysis are shown in Figure 6. All assays included 
a K-ras positive control comprising of DNA from a coloii carcinoma cell line 
containing K-ras having a codon 12 mutation; a K-ras negative control consisting of 
normal placental tissue DNA; and a negative control for PGR contamination, 
comprising a water blank. Reactions were also performed in parallel without BsfNl 
digestion as a control for PGR amplification. Routine precautions associated with 
amplification were employed in all amplification-based experiments. 

The results of this assay, as shown in Figure 6 demonstrated the presence of 
mutant K-ras extracellular DNA in the patient plasma sample (lane 7). These results 
demonstrate that the methods of the invention enables the detection of extracellular 
DNA related to mutated oncogenes associated with occult or premalignant solid tumor 
disease. The detection of extracellular DNA encoding a mutant K-ras oncogene 
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known to be associated with colorectal cancer in a patient having no clinical signs or 
symptoms of colorectal neoplasia demonstrates that the instant assay increases 
diagnostic assay sensitivity and ability to detect premalignant or occult neoplasia early 
in the course of the disease. The ability of the methods of the invention to detect 
tumor-related DNA from premaUgnant or occult neoplastic disease patients provides 
the capacity to better direct prevention, early detection, intervention, monitoring and 
management of neoplasia and pre-neoplastic disease, and affords the opportunity for 
medical intervention earlier in the disease course than heretofore, increasmg the 
likelihood of success of treatment and cure. 

EXAMPLE 2 

Detection of extracellular bcl-l DNA and &cZ-2/IgH translocations 

in plasma or senim 

1. Background 

Follicular center cell lymphoma (follicular lymphoma) is the most common 
form of primary maUgnancy of the lymph nodes in the U.S., comprising more than 
half of all cases of lymphoma. Follicular lymphoma is generally a slowly progressive 
malignancy, with patient survival averaging several years to a decade or more. 
Standard treatment of follicular lymphoma depends on factors such as extent of 
disease and age, and typically involves multi-agent chemotherapy. Newer approaches 
to therapy include high dose chemotherapy with bone marrow transplantation and 
immunotherapy, either actively or passively induced. Because of the high rate of 
relapse among patients treated with standard regimens, and because of the general 
oncologic tenet that treating small amounts of tumor rather than large masses is more 
efficacious, there is a need for methods to detect minimal amounts of tumor in 
follictdar lymphoma patients. 

Follicular lymphomas are distinguished by a particular genetic alteration, the 
breaking and rejoinmg of chromosomes 14 and 18 to each other. This breaking, or 
translocation, results in the juxtaposition of two genes in a head-to-tail fashion: the 
oncogene bcl-l on chromosome 18, which is known to play a role in the control of 
programmed cell death; and an immunoglobulin heavy chain gene (IgH) on 
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chromosome 14. Uniting these two genes as a result of translocation causes a 
dysregulation of the bcl-2 gene. This is thought to be due to the fact that 
immunoglobulin heavy chain genes are typically activated in the lymphoid cells from 
which this malignancy derives, and in the translocation the adjacent 6c/-2 gene 
inappropriately shares in the activation. Translocation occurs in approximately 80- 
90% of follicular lymphomas, and in two-fhirds to three-quarters of these cases the 
translocation involves one of two well-characterized sites. The sites of frequent bcU2 
breakage fall within small areas (a few hundred base pairs) termed the Major 
Brealq>oint-cluster Region (MBR) and the minor breakpoint-cluster region (mcr). The 
translocation at the immunoglobulin locus also occurs in restricted regions, since the 
breakage mimics the normal inmiunoglobulin gene rearrangement process. The 
restricted nature of the translocation permits prediction in most cases of the DNA 
flanking the breakpoints, which thereby provides diagnostic nucleic acid fragments 
uniquely found in cells having this translocation. 

*.2. Details of the assay 

The assay was performed in the following steps. 
Step one: Four patients with follicular lymphoma had serum drawn prior to or 
early in a standard course of antineoplastic chemotherapy. Three of these patients had 
been previously demonstrated by PGR to have tumor cells containing a MBR 
translocation; the fourth patient had no PCR-detectable MBR or mcr translocation in 
tumor cells. Serum DNA was co-precipitated with gelatin and recovered as described 
above in Example 1. 

Step two: Tumor specific 6c/-2/IgH translocations were amplified using a non- 
radioactive PGR assay as follows. A reaction mixture was prepared containing 35jiL 
of the extracted DNA solution of Step One, 50mM potassium chloride, lOmM Tris 
buffer (pH 9.0), 0.1% Triton X-100, 1.5mM magnesium chloride, 200|aM of each 
nucleotide triphosphate (dATP, dGTP, dCTP, and dTTP), 1 pmol oligonucleotide 
MBR comprising the sequence: 

5*-TTAGAGAGTTGCTTTACGTG-3» (SEQ ID No.: 3), 

1 pmol oligonucleotide (CON) comprising the sequence: 



41 

5'«ACCTGAGGAGACGGTGACC-3' (SEQ ID No.: 4), 

ill a total volume of 48fiL. One Unit of Taq DNA polymerase (Fisher Chemical Co., 
Fairlawn, NJ) diluted to 2 |iL in the same buffer was added to each sample after 
samples had been pre-heated to 95°C. 

The oligonucleotide MBR was constmcted to contain the nucleotide sequence 
that is inimediately upstream of the most frequent site of translocation in the bcl-2 
gene (positions 4415-4434; Genbank Accession #108038). The oligonucleotide 
Jh(CON) is constructed to contain consensus sequences to the 3' ends of the 6 
segments of the immunoglobulin heavy chain gene, and will hybridize with each 
segment under the conditions of PCR amplification used herein. Thus, translocation 
of the bcl-2 gene into any of the Jjj regions permits specific and exponential 
amplification firom the involved region using an upstream translocation primer such 
as MBR. 

The reaction mixture was cycled 20 times using a thermocycling profile of 
94**C for 1 minute, 56.5°C for 2 minutes, and 72°C for 3 minutes in a Deltacycler 
thermocycler (Ericomp, San Diego, CA). 

Step three: Two |JiL of the PCR mixture of Step Two was removed to a clean tube 
and a new reaction mixture was set up for the second round of amplification using the 
same components of the amplification reaction mixture as described above in Step 
Two, with the exception that 25 pmoles of oligonucleotide MBR-int having the 
sequence: 

5'-GCCTGTTTCAACACAGACC-3' (SEQ ID No.: 5) 

(positions 4435-4453; Genbank Accession #108038) and 25 pmoles of oligonucleotide 
Jh (CON) (SEQ ID No.: 4) were used. The MBR-int primer lies internal to the MBR 
primer and increases the specificity of the second round of amplification. The same 
cycling conditions as above were employed for a total of 30 amplification cycles. The 
final amplification reaction products were analyzed by gel electrophoresis on a 3% 
agarose gel (NuSieve) in TBE buffer. 
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All amplification assays included a ic/-2/IgH positive control consisting of the 
lymphoma cell line MB-1 containing a diagnostic and well-characterized breakpoint 
(comprising the sequence at position 3110 of bcl-2: GTT..ctc..GGATTGGACG 
translocated into the (6) immunoglobulin heavy chain gene, where N-nucleotide 
additions or N-insertibns are in lower case and somatic mutations are underlined); a 
wildtype 6c/-2/IgH negative control consisting of normal placenta tissue, and a PGR 
contamination negative control consisting of water substituted for DNA. Routine 
precautions to prevent PGR contamination were employed in all amplification-based 
work. 

Results fi-om these assays are shown in Figure 5. For the three patients with 
fec/-2/IgH translocations detectable in their tumor cells, identical DNA fi-agments 
corresponding to hemi-nested PGR amplification were detected in the extracellular 
DNA isolated fi-om serum. The patient without a detectable translocation in tumor 
cell DNA (due to either lack of a translocation or a variant translocation not 
•detectable with these primers) did not have a translocation-specific PGR product 
detectable in serum. All controls produced the expected firagments (or lack of 
Augments for the PGR negative controls). 

A similai: assay is used to detect bcl-l sequences per se (z.e., without assaying 
for a specific translocation breakpoint within the bcl-l gene). This is accomplished 
using a 3' PGR primer constructed to comprise the complement of a nucleotide 
sequence ofbcUl at a defined distance 3' to the bcl-2 specific primer described above 
(SEQ ID No.: 3), substituted for the Jh(CON) primer described above (SEQ ID No.: 
4) in PGR amplification reactions performed as described herein. This bcU2 specific 
primer has the sequence 

5'-GGAGGATCTTAGGAGGTGGA-3' (SEQ ID No.: 10). 

PGR amplification using this pair of fec/-2 specific amplification primers are useful 
for detecting extracellular DNA in patient serum or plasma independent of the specific 
translocation associated with lymphoma, and thus provides a method for detecting 
putative lymphoma-bearing patients not bearing well-characterized lymphoma-specific 
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translocations, and for detecting bcl-l related extracellular DNA associated with other 
(non-lymphoma) cancers. 

5 * 

EXAMPLES 

Detection of extracellular mutant pS3 DNA in plasma or serum, 
L Background 

The p53 oncogene is one. of the most frequently mutated tumor suppressor 

10 genes in human cancer. Among other functions, it is a regulator of the cell cycle and 

is involved in programmed cell death, and its mutation permits imopposed cell 
proliferation. In colorectal cancer (described above in Example 1), approximately half 
of all CRCs contain mutations of the p53 oncogene (Greenblatt et al, 1994, Cancer 
Res. 54: 4855-78), and a survey of the EMBL Data Library of 360 pubUshed 

15 mutations of p53 in CRC cases mdicates that 49% occur at 5 particular amino acids 

.(HoUstein et aL, 1994, Nucleic Acids Res. 22: 3551-5). Recent data indicate that p53 
and Krras mutations in CRC tend to be mutually exclusive, that is, txm3.ors are 
commonly found with only one or the other, rarely both (Dix et al., 1995, Diagn. 
Molec. Path. 4: 261-265). These findmg suggested that an assay for p53 gene 

20 mutations in extracelMar DNA in serum or plasma would identify patients other than 

those identified using the K-ras assay described above m Example 1. The p53 
mutational "hot spots" in colorectal cancer are amino acids 175, 245, 248, 273, and 
282. This clustering of mutations may permit a panel or multiplex approach to the 
amplification-based assays disclosed herein using a number of primer pairs and 

25 restriction enzymes to identify affected patients (illustrated in Tables I-m below). 

Although CRC is exemplified in this Example, one of ordinary skill will appreciate 
that any other malignancy having p53 mutations can be analyzed using the assays of 
the invention. , 

30 2- Details of the assay 

The assay was performed using the following steps. 
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Step one: Extracellular DNA from patient plasma or serum is co-precipitated with 
gelatin as described above in Example 1. 

Step two: Nucleic acid comprising mutant p53 oncogene sequences are amplified 
5 utilizing a non-radioactive PGR assay performed as follows. A reaction mixture is 

prepared as described above, containing 35 \iL of the extracted extracellular DNA 
from plasma or serum, 50mM potassium chloride, lOmM Tris buffer (pH 9.0), 0.1% 
Triton X-100, 1.5mM magnesium chloride, 200nM apiece of each deoxynucleoside 
triphosphate (dATP^ dGTP, dCTP, and dTTP), and the following pairs and amounts 
10 of the primers shown in Table I: 

0.7 pmol exon 5 oligonucleotide S'-primer 

5' -GCAGTCACAGCACATGACG-3* (SEQ ID No.: 11) 

and 

0.5 pmol exon 5 oligonucleotide 3'-primer 
15 5' -AATGAGAGGCCTGGGGAC-3' (SEQ ID No.: 12); 

•or 

0.7 pmol exon 7 oligonucleotide 5 -primer 

5'- GGGCCTGTGTTATTCTCCTAGG-3' (SEQ ID No.: 13) 

and 

20 0.5 pmol exon 7 oligonucleotide 3-primer 

5' -CCAGTGTGATGATGGTGAGG-3* (SEQ ID No.: 14); 

or 

0.5 pmol exon 8 oligonucleotide 5'-primer 

5' .GGACGGAACAGCTTTGAGGCG-3' (SEQ ID No.: 15) 

25 and 

0.5 pmol exon 8 oligonucleotide 3'-primer 

TCCCCGGGGGCAGCGCGT (SEQ ED No.: 16); 

and 1 Unit of Taq DNA polymerase (Fisher) in a jSnal volume of SOjiL. One member 
of each primer pair is prepared having a sequence modification to create a non- 
30 naturally-occurring restriction enzyme site for the corresponding enzyme in Table I 
to serve as an internal control. Each of the activating mutations for each primer pair 
shown in Table I destroy a restriction enzyme site noraially found in the p53 gene. 
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thereby permitting enrichment of the samples for the mutant allele by restriction 
enzyme digestion prior to second romid amplification (as described in Example 1). 
The amplification reaction mixture is thermocycled 15-20 times using a protocol of 
94°C for 48 seconds, ST'C for 90 seconds (for exon 5 or 7 primers) or 61°C for 90 
5 seconds (for exon 8 primers), and 72**C for 155 seconds in a Deltacycler thermocycler 

(Ericomp)- 

After amplification, 10p.L of the PGR mixture is removed to a clean tube and 
mixed with 1 X reaction buffer and 10 units of the appropriate restriction enzyme for 
10 each primer pair shown in Table I, and incubated at the appropriate temperature for 

90min. A second aliquot of 10 imits of restriction enzyme is added and the reaction 
continued for an additional 90nmi. 

Step three: Ten |iL of the digested PGR mixture is transferred to a clean tube and 
15 a new amplification reaction mixture is prepared for a second round of amplification 

' using the same constituents as in the first amplification, except that 35 pmoles of 
oligonucleotide 5'-primer (exons 5 and 7) or 25 pmoles of oligonucleotide 5'-primer 
(exons 8) and 25 pmoles of oligonucleotide 3 -primer (exons 5, 7 and 8) are used. 
The same thermocycling conditions are employed for 33-35 amplification cycles. A 
20 second restriction digestion is performed using 25 |iL of flie second step PGR product 

and 17 units of enzyme in a final volume of 35 jiL. Digestions are performed for 
60min, followed by the addition of a second aliquot of 10 units of enzyme and a final 
digestion for an additional 60min. The final digestion product was analyzed by gel 
electrophoresis on a 3% agarose gel (NuSieve) in TBE buffer. In the practice of this 
25 invention the production of elevated levels of non-specific DNA firagments produced 

by PGR may be anticipated. Hybridization with detectably-labeled specific probes 
may therefore be used to increase assay sensitivity. 

The expected sizes of the wildtype, undigested PGR product DNA firagments 
30 are 130bp (exon 5), lllbp (exon 7) and 104bp (exon 8). DNA firagments 

corresponding to wildtype alleles for exon 5 are cleaved to 79, 33, and 18 bp by 
Hhal, and mutation at p53 position 13103 changes the digested fragment sizes to 79 
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and 51bp. DNA fragments corresponding to wildtype alleles for exon 7 are cleaved 
to 7, 85, and 19 bp by Mspl, and mutation at p53 positions 14069 or 14070 yields 
fragment sizes 7 and 104 bp. DNA fragments corresponding to wildtype alleles for 
exon 7 are cleaved to 82, 22, and 7 bp by Acil^ and mutation at p53 positions 14060 
or 14061 yields fragment sizes 104 and 7 bp. DNA fragments corresponding to 
wildtype alleles for exon 8 are cleaved to 19, 76, and 9 bp by BsfNI, and mutation 
at p53 positions 14486 or 14487 yields fragment sizes 95 and 9 bp. DNA fragments 
corresponding to wilditype alleles for exon 8 are cleaved to 47, 52, and 5 bp by Mspl^ 
and mutation at p53 positions 14513 or 14514 yields fragment sizes 99 and 5 bp. The 
combination of specific amplification using the p53 prirners described in Table I, 
digestion with the appropriate restriction enzymes and detection of DNA fragments 
of the expected sizes results in detection of extracellular DNA in plasma or serum 
corresponding to any of the expected mutant alleles of p53. 

Altematively, in a preferred embodiment, amplification can be performed using 
•hemi-nested primers as shown in Table n that can provide more specific and rapid 
results in Step Three of the methods of the invention. In this assay, extracellular 
DNA is extracted as described above firom patient plasma or serum. PGR 
amplification reactions are performed as described above, with the exception that 1 
pmol of each of the appropriate external primers are used in the first PGR 
amplification reaction, these primers being described in Table n. The pattern of PGR 
primer utilization in these assays is sunmiarized in Table HI, wherein the first 
amplification is performed with tiie primer pafrs labeled "Step Two" and the second 
amplification is performed with the pruner pairs labeled "Step Three." For the first 
amplification reaction, the thermocycling protocols used is a total of 15 amplification 
cycles of 94°C for one minute, 59°C for two minutes, and 72°C for two mmutes in 
a thermocycler. All primer combinations described use this same cycling protocol. 
Upon completion of the first ampUfication reaction, 10\xL of the PGR mixture is 
removed to a clean tube and mixed with 1 X reaction buffer and 10 Units of the 
appropriate restriction enzyme shown in Table I, and incubated at the appropriate 
temperature for 60min. A second aliquot of 10 Units of restriction enzyme is added 
to each reaction and digestion continued for an additional 60min. 
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The third step in the assay is an additional amplification reaction using the 
Step Three ampUfication primer pairs as shown in Table EI. For these reactions, 
lOjiL of the digested PGR mixture is removed to a clean tube and a new amplification 
reaction mixture constructed as described abpve, substituting 2Spmoles of each of the 
Step Three primer pairs in Table m for the Step Two primer pairs used in the first 
amplification reaction. Thennocycling is performed for 33-35 amplification cycles 
under the same conditions as described above, with the exception that the annealing 
temperature for exon 5 and exon 7 primers is 58®C and the aimealing temperature for 
exon 8 primers is 60®C. After completion of the. amplification reaction, a second 
restriction digestion is performed using 25p.L of the Step Three PGR product and 17 
units of enzyme in a final volume of 35jiL. DNA firagments are digested for 60min, 
followed by the addition of a second aUquot of 10 Units of enzyme and a final 
digestion for an additional 60min, The final digestion product was analyzed by gel 
electrophoresis on a 3% agarose gel (NuSieve) in TBE buffer. The expected sizes of 
the DNA fragments obtained for the wildtype and mutant p53 alleles assayed using 
•this method are ttiose described above. 

Detection of extracellular DNA in patient plasma or serum may be achieved 
using sera or plasma from patients having any cancer associated with p53 mutations, 
including cancers of the colon, rectum, bladder, breast, esophagus, liver, . lung, cervix, 
and brain, and sarcomas, lymphomas, leukemias, and melanomas. In particular, 
mutations in amino acid 249 are found more frequently in liver cancer and lung 
cancer than in any other primary site. This mutation also forms a large 
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TABLE m 



Combinations of Nested Primer Pairs for pS3 Amplifipatinn 



Activating 
mutation(s) 


Primers used in Step 
Two 


Primers used in Step 

Three 


13103 


. External + 5' 


5' + 3' 


14060, 14061 


External + 3' 


5' + 3' 


14069, 14070 


External + 3' 


5' + 3' 


14486, 14487 


External + 3' 


5' + 3' 


14513, 14514 


External + 3' 


5' + 3'. 



proportion of all p53 mutations in those tumors (28% in liver, 6% in Ixmg) (Hollstein 
et aL, 1994, ibid.). This may be due to particular carcinogenic susceptibility of these 
organs. This fact may permit the use of a relatively specific assay to detect particular 
primary cancers in patients at risk, e.g., patients with cirrhosis who have an elevated 
risk of liver cancer, or smokers predisposed to lung cancer. 

EXAMPLE4 

Prophetic Examples of the Use of the Assays of the Invention 
The following examples are illustrative of clinical uses for the assays of the 
invention. 

Case 1 

A 26 year old asymptomatic man presents for evaluation after learmng his 37 year old 
brother was recently diagnosed with colon cancer. Peripheral blood is drawn in order 
to (evaluate the patients plasma for the presence of extracellular mutant K-ras DNA. 
Plasma extracellular DNA is extracted by the gelatin extraction method as described, 
followed by PGR amplification using K-ras primers with diagnostic restriction 
enzyme digestion sites as described. To increase- the sensitivity of the assay, a two- 
step amplification assay is performed with digestion of PGR products in Step Two, 
followed by reamplification and final digestion in Step Three. The final digestion 
product is analyzed by gel electrophoresis on a 3% agarose gel for detection of 
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mutant-specific DNA firagments. The presence of these DNA firagments in the 
patient's plasma indicates that mutant K-ros extracellular DNA is present in the 
patient's blood plasma. K-ros oncogene mutations are present in 40-50% of colon 
cancer, initially occurring in the premalignant adenoma stage, but persisting 
throughout transformation to frank malignancy and metastatic colon cancer. Although 
colon cancer is highly curable if diagnosed at an early stage, it is fatal when 
diagnosed at advanced metastatic stages. The positive results of the assay of the 
invention for tins patient, in a setting of a strongly positive family history for colon 
cancer, are highly suggestive of either premalignant or malignant colon cancer. Such 
a patient would be advised to undergo colonoscopy, and if no lesion is found, to 
receive surveillance more frequently than would normally be given. 

This hypothetical case illustrates how the invention can be used as a low-cost 
means for identifying patients at high-risk for cancer, specifically colon cancer, and 
to discriminate between such patients who should receive fiirther, more aggressive and 
more expensive preventive care from those at lower risk who do not require such 
> additional surveillance. The assay of the invention provides for the detection of either 
premalignant or malignant conditions prior to flie metastatic state, and can thus play 
a role in clinical management of human cancer. Because K-ras mutations are also 
noted in other cancers, such as pancreatic and lung cancer, additional amplification 
reactions using a multiplex panel approach to detect multiple different tvmior- 
associated extracellular DNAs, including for example p53, DCC, and APC DNA, 
permits a more exact discrimination of the potential tissue source of extracellular 
mutant oncogene DNA in plasma and senmi, and informs clinical efforts for fiirther 
diagnostic interventions including directing such efforts to those tissues most likely 
to comprise an occult neoplasm, while at the same time having the potential to 
eliminate the need for unnecessary screening of a variety of other tissues for neoplasia 
based on a failure to detect the appropriate collection of related extracellular DNAs. 

Case 2 

A 33 year old woman sees her local dermatologist after noting a "bleeding mole" on 
her back. Local excision diagnoses a malignant melanoma of 0.3 millimeter depth. 
Wide surgical re-excision is performed, and the patient is told she is likely cured and 
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no further therapy is needed. Molecular analysis of the resected melanoma 
demonstrates that it is a mutant p53-positive tumor. Three months following her 
surgery the patient seeks a second opinion regarding the need for further therapy. 
Peripheral blood is drawn to evaluate the patient's plasma for the presence of 
extracellular mutant p53 oncogene DNA using the assays of the invention. 
Extracellular DNA is extracted &om plasma as described above using the silica 
extraction method, followed by PGR ampUfication for extracellular mutant p53 DNA, 
p53-specific amplification products are detected by ELISA. In this case, the inventive 
assay detects the presence of mutant p53 in the patient's plasma matching the 
mutation found in the original tumor, with the presence of this DNA in plasma 
indicating latent malignant melanoma. Consequently, the patient is started on 
adjuvant therapy with interferon-alpha. Extracellular plasma p53 oncogene DNA 
levels are subsequently followed in a quantitative fashion using the assays methods 
of the invention. Blood is drawn from the patient every two months, and extracellular 
plasma DNA is extracted and analyzed by quantitative PGR amplification for mutant 
-•p53 DNA using biotinylated primers and an electrochemiluminescence-based detection 
means.. Invention data demonstrate a rise in the patient's mutant p53-specific 
extracellular plasma DNA levels. As a consequence, interferon treatment is stopped, 
and the patient is enrolled into an experimental adjuvant therapy protocol. 

This hypothetical case illustrates several uses of the invention, including the 
detection of latent cancer, prediction of disease prognosis and cancer recurrence 
following surgical excision, determination of the need for additional therapy, 
evaluation of the benefit of therapy and the need to change therapies, and further 
evaluation of the prognosis of patients as a result of therapy. 

Case 3 

A 76 year old man is found to have a pancreatic mass on GT scan imaging. His chest 
x-ray and colonoscopy are nomial. The patient refuses to consider surgery because 
of the significant surgical risks. He elects to receive patient-specific therapy made 
possible by use of the invention. Since K-ras mutations are present in 80-90% of 
pancreatic cancers, peripheral blood is drawn to evaluate the plasma and characterize 
extracellular mutant K-ras DNA circulating in plasma using the assay methods of the 
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invention. Extracellular DNA in plasma is extracted using the gelatin method as 
described, followed by PGR amplification and analysis of PGR products by agarose 
gel electrophoresis. Mutant K-ras amplification products are excised firom the gel and 
the sequence of the K-ras specific fragment determined using a commercial kit. 
Detection of mutant K-ras sequences support the likelihood of the pancreatic mass 
being malignant. On the basis of the mutation sequence, a patient-specific therapy 
(i.e., specific to the patient's own cancer) is developed, in this case a ras vaccine 
specific to the mutant oncogene in this patient's pancreatic cancer. 

In this hypothetical case, the invention is used not only to help confirm a 
suspected diagnosis of pancreatic cancer, but to develop a patient-specific therapy. 
Patient-specific therapies — i.e.^ therapies specifically designed for a given patient's 
cancer, or a given type of cancer — ^are possible when specific characteristics of the 
tumor are recognized. Since the invention results in amplification of pure tumor 
product, it becomes possible to characterize the tumor, in this case using sequence 
analysis. The assays methods of the invention thus permit an individual's tumor to 
.be characterized without the need for biopsy or surgery. Thus it becomes possible to 
treat tumors even before they become clinically evident, by starting treatment at latent 
stages, pre-recurrence stages, or even pre-malignant stages. Early treatment of cancer 
before metastatic cells enter the bloodstream increases the likelihood of cure. 

Case 4 ^ . 

A 36 year old woman who has three small children has been chagriosed with breast 
cancCT two years ago. Her primary tumor had been shown to overexpress a mutated 
c-myc oncogene. She had been treated with surgery followed by a six month course 
of chemotherapy. In addition, her blood SCTum has been evaluated for extracellular 
c-myc oncogene DNA using the assay methods of the invention. Specifically, 
extracellular DNA in serum is extracted using the silica extraction method, followed 
by c-myc specific PGR amplification and ELIS A detection of the c-myc specific PGR 
products. Although results for this patient are negative for some time, eventually her 
blood serum tests positive for extracellular c-myc oncogene DNA using the methods 
of the invention. These results suggest an impending cancer recurrence, a multiplex 
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panel of amplification primer pairs is used to analyze the patient's extracellular DNA 
firom serum, including primers specific for myc, ras, p53, EGFR, and HER-2/neu 
DNA, followed by sequencing. These data confirm that tumor characteristics are 
identical to those of the original primary breast cancer, confirming a recurrence of the 
patient's cancer rather than the development of a new primary tumor. Consequently, 
extracellular DNA in serum is measured quantitatively using a branched DNA signal 
amplification assay, with measurements performed 2 months and 4 months later. 
Quantitative measurements indicate increasiag levels of c-myc DNA, and allow 
extrapolation to predict that clinical recurrence will be noted in approximately 2 years. 
This information allows both the physician and the patient to plan future therapeutic 
options in the context of the patient's current social and family situation. 

This hypothetical case illustrates the use of the invention to monitor patients 
following therapy for recurrence of their cancer, to determine characteristics of their 
tumor, and to predict prognosis. Breast cancer patients have a high incidence of 
second primaries, but the invention permits delineation of primary versus recurrent 
•cancer by using a multiplex panel approach to evaluate tumor characteristics. 
Furthermore, since quantitative analysis permits clarification of prognosis, the patient 
is in a better position to plan therapy within the context of her social/family situation. 
Lastly, since the invention allows detection of tumor- derived extracellular DNA, and 
does not depend upon the presence of circulating cancer cells, recurrence can be 
detected at a very early stage (in this hypottietical case, 2 years before clinical 
detection), which increases the likelihood of effective therapy. Effective therapy can 
also be planned based upon tumor characteristics suggested by the extracellular DNA. 

It should be understood that the foregoing disclosure emphasizes certain 
specific embodiments of the invention and that all modifications or alternatives 
equivalent thereto are within the spirit and scope of the invention as set forth in the 
appended claims. 



